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The  propellant  studied  during  the  initial  project  in  this  program  was  a 
nitrocellulose  containing  13.15  percent  nitrogen  by  weight.  A  series  of  laboratory 
tests  were  conducted  to  evaluate  the  physical  and  chemical  characteristics,  as  well 
as  the  chemical  compatibility,  of  nitrocellulose-solvent-No.  2  fuel  oil  solutions. 
These  tests  were  based  on  previous  work  by  USATHAMA  to  determine  the  feasibility  of 
using  explosives  as  supplemental  additives  to  fuels  for  the  recovery  of  energy  from 
these  compounds.  Preliminary. .testing  on  the  explosives  TNT  and  RDX  were  encouraging. 
The  methods  used  to  introduce  these  explosives  as  a  fuel  additive  included  solvation 
and  mixing  with  No.  2  fuel  oil.  Unfortunately,  the  tests  outlined  above  using  the 
propellant  nitrocellulose  indicated  that  such  solvation  and  mixing  with  No.  2  fuel  oil 
is  questionable  from  a  cost  standpoint  due  to  the  low  solubility  of  this  material. 
However,  an  economic  analysis  did  indicate  potential  cost  effectiveness  using 
propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels. 

The  second  project  in  the  supplemental  fuels  program  was  undertaken  by  Tennessee 
yailev  Authority-National  Fertilizer  and  Environmental  Research  Center  to  assess  the 
technical,  economic,  and  safety  aspects  of  using  propellant-No.  2  fuel  oil  slurries 
as  supplemental  fuels.  The  materials  studied  during  this  project  were  nitrocellulose, 
nitroguanidine,  and  AA2  double-base  propellant.  Once  again,  a  series  of  laboratory 
tests  were  conducted  to  evaluate  the  physical  and  chemical  characteristics,  as  well 
as  the  chemical  compatibility,  of  propellant-No.  2  fuel  oil  slurries.  Wet-grinding 
of  the  AA2  propellant  with  No.  2  fuel  oil  was  required  to  prepare  slurries  suitable 
fcr  testing  since  the  AA2  propellant  was  received  in  the  form  of  paper-thin  shavings. 
The  nitrocellulose  and  nitroguanidine  were  received  as  finely-divided  powders  that 
were  easily  dispersed  in  No.  2  fuel  oil  without  grinding  to  prepare  slurries  suitable 
for  testing.  The  physical  characteristics  of  the  propellant-No.  2  fuel  oil  slurries 
studied  during  this  project  were  solubility,  density,  viscosity,  and  particle-size 
distribution.  Chemical  characteristics  studied  were  flash  and  fire  points,  heat  of 
combustion,  and  emissions,  while  differential  scanning  calorimetry  was  used  to  assess 
the  chemical  compatibility  of  the  propellant-No.  2  fuel  oil  slurries.  The  results 
from  these  laboratory  tests,  as  well  as  from  an  economic  analysis  of  the  process, 
will  be  discussed  in  this  report.  Propagation  of  reaction  testing  of  various 
propellant-No.  2  fuel  oil  slurries  is  currently  being  conducted  and  will  be  published 
separately. 
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APPENDIX  A.  American  Society  For  Testing  And  Materials  (ASTM) 

Standard  Procedures 

ASTM  D  2196-86  Standard  Test  Methods  for  Rheological  Properties  of 
Non-Newtonian  Materials  by  Rotational  (Brookfield)  Viscometer 

ASTM  D  1439-83a  Standard  Methods  of  Testing  Sodium 
Carboxymethylcellulose 

ASTM  D  4380-84  Standard  Test  Method  for  Density  of  Bentonitic 
Slurries 

ASTM  D  1343-86  Standard  Test  Method  for  Viscosity  of  Cellulose 
Derivatives  by  Ball-Drop  Method 

ASTM  D  92-85  Standard  Test  Method  for  Flash  and  Fire  Points  by 
Cleveland  Open  Cup 

ASTM  D  240-87  Standard  Test  Method  for  Heat  of  Combustion  of  Liquid 
Hydrocarbon  Fuels  by  Bomb  Calorimeter 

ASTM  D  2650-88  Standard  Test  Method  for  Chemical  Composition  of 
Gases  by  Mass  Spectrometry 


ASTM  E  537-86  Standard  Test  Method  for  Assessing  the  Thermal 

Stability  of  Chemical  by  Methods  of  Differential  Thermal  Analysis 


ABSTRACT 


The  military  currently  has  a  large  inventory  of  obsolete 
conventional  munitions  and  waste  propellants  generated  during 
the  manufacturing  process-  The  current  alternatives  to  storage 
are  open  buming/open  detonation  (OB/OD)  and  incineration  to 
slowly  reduce  the  inventory  of  these  materials.  The  impact  of 
OB/OD  operations  on  the  environment  is  under  intense  scrutiny  by 
regulatory  agencies  and  whether  or  not  they  will  be  allowed  to 
continue  in  their  current  form  is  unknown.  Incineration  is 
costly  and  does  not  utilize  the  energy  content  of  the 
propellants.  The  United  States  Army  Toxic  and  Hazardous 
Materials  Agency  (USATHAMA)  is  currently  conducting  a  program 
with  Tennessee  Valley  Authority's  National  Fertilizer  and 
Environmental  Research  Center  to  determine  the  feasibility  of 
utilizing  propellants  as  supplemental  fuels  for  the  U.S.  Army's 
industrial  combustors.  Disposing  of  obsolete  and  waste 
propellants  in  this  manner  could  be  both  cost-effective  and 
environmentally  sound,  and  as  an  added  benefit,  would  utilize 
the  energy  value  of  these  materials. 

The  propellant  studied  during  the  initial  project  in  this 
program  was  a  nitrocellulose  containing  13.15  percent  nitrogen 
by  weight.  A  series  of  laboratory  tests  were  conducted  to 
evaluate  the  physical  and  chemical  characteristics,  as  well  as 
the  chemical  compatibility,  of  nitrocellulose-solvent-No.  2  fuel 
oil  solutions.  These  tests  were  based  on  previous  work  by 
USATHAMA  to  determine  the  feasibility  of  using  explosives  as 
supplemental  additives  to  fuels  for  the  recovery  of  energy  from 
these  compounds.  Preliminary  testing  on  the  explosives  TNT  and 
RDX  were  encouraging.  The  methods  used  to  introduce  these 
explosives  as  a  fuel  additive  included  solvation  and  mixing  with 
No.  2  fuel  oil.  Unfortunately,  the  tests  outlined  above  using 
the  propellant  nitrocellulose  indicated  that  such  solvation 
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and  mixing  with  No.  2  fuel  oil  is  questionable  from  a  cost 
standpoint  due  to  the  low  solubility  of  this  material.  However, 
an  economic  analysis  did  indicate  potential  cost  effectiveness 
using  propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels. 

The  second  project  in  the  supplemental  fuels  program  was 
undertaken  by  Tennessee  Valley  Authority-National  Fertilizer  and 
Environmental  Research  Center  to  assess  the  technical,  economic, 
and  safet}1-  aspects  of  using  propellant-No.  2  fuel  oil  slurries 
as  supplemental  fuels.  The  materials  studied  during  this 
project  were  nitrocellulose,  nitroguanidine,  and  AA2  double-base 
propellant.  Once  again,  a  series  of  laboratory  tests  were 
conducted  to  evaluate  the  physical  and  chemical  characteristics, 
as  well  as  the  chemical  compatibility,  of  propellant-No.  2  fuel 
oil  slurries.  Wet-grinding  of  the  AA2  propellant  with  No.  2 
fuel  oil  was  required  to  prepare  slurries  suitable  for  testing 
since  the  AA2  propellant  was  received  in  the  form  of  paper-thin 
shavings.  The  nitrocellulose  and  nitroguanidine  were  received 
as  finely-divided  powders  that  were  easily  dispersed  in  No.  2 
fuel  oil  without  grinding  to  prepare  slurries  suitable  for 
testing.  The  physical  characteristics  of  the  propellant-No.  2 
fuel  oil  slurries  studied  during  this  project  were  solubility, 
density,  viscosity,  and  particle-size  distribution.  Chemical 
characteristics  studied  were  flash  and  fire  points,  heat  of 
combustion,  and  emissions,  while  differential  scanning 
calorimetry  was  used  to  assess  the  chemical  compatibility  oi’  the 
propellant-No.  2  fuel  oil  slurries.  The  results  from  these 
laboratory  tests,  as  well  as  from  an  economic  analysis  of  the 
process,  will  be  discussed  in  this  report.  Propagation  of 
reaction  testing  of  various  propellant-No.  2  fuel  oil  slurries 
is  currently  being  conducted  and  will  be  published  separately. 
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I.  SUMMARY 


1.1  Objectives. 

The  objective  of  this  project  is  to  assess  the  technical  and 
economic  feasibility,  as  well  as  the  safety  aspects,  of  using 
waste  propellants  as  supplemental  additives  to  fuels  for  the 
recovery  of  energy  from  these  compounds.  This  project 
represents  a  logical  extension  of  a  previous  program  conducted 
by  the  United  States  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  to  develop  methods  and  procedures  for  utilizing  waste 
explosives  [primarily  TNT  and  Composition  B  (60  percent  RDX, 

39  percent  TNT,  and  1  percent  wax)]  and  propellants 
(nitrocellulose)  blended  with  a  solvent  and  No.  2  fuel  oil  as  a 
supplemental  fuel  in  the  United  States  Army's  industrial 
combustors.  Preliminary  testing  on  the  explosives  TNT  and  RDX 
have  been  encouraging.  Preliminary  testing  using  the  propellant 
nitrocellulose  indicated  that  such  solvation  and  mixing  with 
No.  2  fuel  oil  was  not  cost  effective.  Only  relatively  small 
amounts  (2-3  percent  by  weight)  of  nitrocellulose  could  be 
incorporated  in  the  solvent-No.  2  fuel  oil  mixture  without 
increasing  the  viscosity  of  the  resulting 
nitrocellulose-solvent-No.  2  fuel  oil  solution  beyond  the 
maximum  value  which  a  conventional  oil  burner  could  conceivably 
handle.  However,  economic  analysis  did  indicate  potential  cost 
effectiveness  using  propellant-No.  2  fuel  oil  slurries  as 
supplemental  fuels.  There  is  no  data  to  confirm  the  technical 
feasibility  of  using  such  a  slurry  as  a  feed  to  an  industrial 
combustor. 

1.2.  Laboratory  Tests 

In  order  to  fill  this  data  gap,  an  extensive  series  of 
laboratory  tests  were  conducted  during  the  course  of  this 
project  to  evaluate  the  physical  and  chemical  characteristics, 
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as  well  as  the  chemical  compatibility,  of  propellant-No.  2  fuel 
oil  slurries.  Based  on  the  results  obtained  from  the  laboratory 
tests,  an  economic  analysis  was  performed  using  the 
propellant-No.  2  fuel  oil  slurries  which  possessed  the  most 
desirable  physical  and  chemical  characteristics  for  use  as 
supplemental  fuels.  The  safety  aspects  of  the  process, 
including  propagation  of  reaction  testing  on  propellant-No.  2 
fuel  oil  slurries,  will  be  published  separately. 

1.3  Propellants 

The  propellants  studied  during  this  project  were  nitrocellulose, 
nitroguanidine,  and  AA2  double-base.  The  nitroguanidine  was 
supplied  as  a  dry  (<1  percent  H20),  finely-divided  powder.  The 
nitrocellulose  was  received  as  a  water-wet  (28-29  percent  H2O), 
finely-divided  powder,  while  the  AA2  propellant  was  supplied  as 
paper-thin  shavings  of  various  lengths.  Nitrocellulose-No.  2 
fuel  oil  slurries  containing  5-15  percent  by  weight  of  the 
propellant  were  prepared  from  water-wet  material,  as  well  as 
from  nitrocellulose  that  was  dried  to  <1  percent  H20  content. 
Nitroguanidine-No.  2  fuel  oil  slurries  were  prepared  that 
contained  5-15  percent  by  weight  of  the  propellant.  The  AA2 
propellant  was  wet-ground  with  No.  2  fuel  oil  to  produce 
slurries  containing  5-30  percent  by  weight  of  the  propellant. 

The  particle-size  distributions  of  the  AA2  propellant-No.  2  fuel 
oil  slurries  were  similar  to  those  reported  previously  for 
explosives-No.  2  fuel  oil  slurries. 

1.4  Characteristics 

1.4.1  Physical  Characteristics 

The  physical  characteristics  of  the  propellant-No.  2  fuel  oil 
slurries  described  above  were  evaluated  by  measuring  the 
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solubilities,  densities,  and  viscosities  of  these  samples  at 
25°C,  45°C,  and  65°C.  AA2  propellant  is  slightly  soluble  in 
No.  2  fuel  oil  (0.016  g/ml  @  65°C),  while  nitrocellulose  and 
nitroguanidine  are  insoluble  (<0.010  g/ml  @  65°C).  Densities 
were  measured  and  this  data  was  used  to  calculate  viscosities 


and  certain  parameters  in  the  economic  analysis.  Viscosity 
measurements  at  65°C  indicated  that  for  nitrocellulose 
(dried)-No.  2  fuel  oil  slurries,  the  viscosity  of  the 
supplemental  fuel  would  exceed  that  capable  of  being  fed  to  a 
conventional  oil  burner  (i.e.,  approximately  30  centistokes) 
when  the  weight  percent  nitrocellulose  content  in  the  No.  2  fuel 
oil  exceeded  7.5  percent.  Similarly,  for  nitrocellulose 
(water-wet)-,  nitroguanidine-,  and  AA2  propellant-No.  2  fuel  oil 
slurries,  the  viscosities  of  these  supplemental  fuels  exceeded 
that  capable  of  being  fed  to  a  conventional  oil  burner  when  the 
weight  percent  propellant  content  in  the  No.  2  fuel  oil  exceeded 


The  chemical  characteristics  of  the  propellant-No.  2  fuel  oil 
slurries  described  above  were  evaluated  by  measuring  the  flash 
points,  fire  points,  heats  of  combustion,  and  emissions  from 
these  materials.  The  flash  and  fire  point  measurements  showed 
that  each  propellant-No.  2  fuel  oil  slurry  may  be  classified  as 
"combustible".  The  heat  of  combustion  values  measured 
experimentally  for  each  propellant  studied  averaged 
approximately  4,300  Btu/lb;  when  these  materials  were  added  to 
No.  2  fuel  oil,  the  heat  of  combustion  calculated  for  the 
resulting  propellant-No.  2  fuel  oil  slurry  was  less  than  that 
for  No.  2  fuel  oil  only.  Finally,  the  major  emissions  to  be 
expected  from  burning  propellant-No.  2  fuel  oil  slurries  as 
supplemental  fuels,  assuming  complete  combustion  of  the  No.  2 
fuel  oil  component,  are  carbon  dioxide  (CO2)  and  water  (I^O). 
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Small  amounts  of  nitrogen  oxides  (N0X),  ammonia  (NH3),  hydrogen 
(H2)>  nitrogen  (N2),  carbon  monoxide  (CO),  and  lead  oxides  are 
also  expected  to  be  emitted  from  the  propellant  components. 

1.4.3  Compatibility 

The  chemical  compatibility  of  selected  propellant-No.  2  fuel  oil 
slurries  was  assessed  by  a  thermal  analysis  technique  known  as 
differential  scanning  calorimetry.  This  technique  showed  that 
the  chemical  stability  of  the  propellants  was  only  slightly 
affected  by  blending  them  with  No.  2  fuel  oil.  Propagation  of 
reaction  testing  on  the  propellant-No.  2  fuel  oil  slurries  is 
currently  being  performed  by  Hercules,  Inc.  As  mentioned 
earlier,  the  results  from  these  tests  will  be  published 
separately. 

1.5  Economic  Analysis 

The  economic  analysis  showed  that  fueling  combustors  with  10 
percent  by  weight  nitrocellulose-,  nitroguanidine-,  or  AA2 
propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels  could 
be  a  cost  effective  process;  costs  per  ton  for  burning  these 
slurries  averaged  $350,  while  the  cost  per  ton  for  open 
burning/open  detonation  (OB/OD)  disposal  of  propellants 
currently  ranges  from  $300-$813.  The  limit  of  10  percent  by 
weight  concentration  of  propellant  in  the  slurry  is  based  on  the 
viscosity  that  could  be  handled  by  a  conventional,  unmodified 
oil  burner.  In  addition,  the  economic  analysis  also  indicated 
that  burning  propellant-No.  2  fuel  oil  slurries  as  supplemental 
fuels  could  be  a  cost-effective,  viable  option  for  disposing  of 
large  quantities  of  these  materials  if  the  Army's  industrial 
combustors  were  retrofit  with  burners  capable  of  handling  a  fuel 
with  a  viscosity  double  that  capable  of  being  fed  to  a 
conventional,  unmodified  oil  burner. 
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1.6 


Conclusions  and  Recommendations 


The  major  conclusion  of  this  project  and  recommendations  for 
additional  work,  based  on  the  chemical  and  physical 
characteristics  tests,  the  chemical  compatibility  tests,  and  the 
economic  analysis  of  using  various  propel lan t-No.  2  fuel  oil 
slurries  as  supplemental  fuels  is  as  follows: 

1.  From  a  technical  standpoint  of  using  a  conventional  oil 
burner,  it  would  be  feasible  to  use  7.5  percent  by  weight 
nitrocellulose-,  10  percent  by  weight  nitroguanidine-,  and 
10  percent  by  weight  AA2  propellant-No.  2  fuel  oil  slurries 
as  supplemental  fuels  for  the  Army's  industrial  combustors. 
If  a  modified  oil  burner  could  be  identified  that  could  burn 
a  supplemental  fuel  with,  for  example,  twice  the  viscosity 
that  a  conventional  oil  burner  could  handle,  then  it  might 
be  feasible  to  burn  15  percent  by  weight  nitroguanidine-  and 
20  percent  by  weight  AA2  propellant-No.  2  fuel  oil  slurries 
as  supplemental  fuels.  The  economic  advantage  of  using 
these  latter  slurries  as  fuels  could  easily  offset  the  costs 
associated  with  retrofitting  the  Army's  industrial 
combustors  to  handle  more  viscous  feeds  than  is  currently 
possible  with  conventional  oil  burner  technology. 

1 . 7  Future  Work 

As  stated  in  the  test  plan  for  this  project,  future  work  will 
include  testing  to  find  suitable  means  for  incorporating  single- 
(nitrocellulose)  and  double-base  (AA2)  propellants  into  a 
propellant/coal  matrix  stable  under  storage  and  firing. 

Tennessee  Valley  Authority's  extensive  experience  with 
granulation  technology  as  applied  to  fertilizer  materials  will 
be  utilized  during  this  phase  of  the  project.  In  addition,  we 
recommend  that  modified  oil  burners  capable  of  burning 
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supplemental  fuels  with  viscosities  greater  than  the  30 
centistoke  upper  limit  for  a  conventional  burner  should  be 
identified  and  the  technical  and  economic  feasibility  of 
applying  them  to  the  supplemental  fuels  project  should  be 

55  5  65  S  6u  • 
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II.  INTRODUCTION 


2.1  General 

This  report  provides  a  technical  and  economic  evaluation  of  the 
feasibility  for  using  waste  propellant-No.  2  fuel  oil  mixtures 
as  supplemental  fuel  for  burning  in  military  combustors.  The 
study  was  conducted  under  contract  TV-79416  by  the  Tennessee 
Valley  Authority  during  the  period  of  November  19,  1990  to  May 
15,  1991. 

The  military  currently  has  a  large  inventory  of  acceptable 
propellants  which  are  obsolete  due  to  changes  in  the  weapon 
systems  for  which  the  propellants  were  originally  produced. 
Additional  quantities  of  waste  propellants,  i.e.,  propellants 
that  do  not  conform  to  ballistic,  chemical,  or  physical 
specifications,  are  generated  during  the  normal  process  of 
manufacturing  these  materials.  For  example,  according  to  the 
Environmental  Conference  proceedings  of  the  "Hazardous  Waste 
Minimization  Interactive  Workshop"  sponsored  by  the  Army 
Materiel  Command  in  November  1987,  158,000  metric  tons  of 
obsolete  conventional  munitions  are  in  the  demilitarization 
inventory  with  a  total  of  249,000  metric  tons  projected  by  the 
year  1993. 

Currently  available  options  for  disposing  of  obsolete  or 
out-of-specification  propellants  are  open-air  burning,  open-air 
detonation,  or  incineration  Cl, 2).  At  the  Radford  Army 
Ammunition  Plant  alone,  88  metric  V'ns  of  solvent-based 
propellants  (single-,  double-,  or  triple-base)  are  slowly  being 
disposed  of  by  Open  Burning/Oper,  Detonation  (OB/OD)  or 
incineration.  However,  these  options  are  being  severely 
constrained  due  to  increased  pressure  from  local,  state,  and 
national  environmental  groups  and  agencies.  For  example, 
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disposing  of  waste  energetic  compounds  has  come  under  scrutiny 
as  a  consequence  of  the  end  in  interim  status  for  incinerators 
under  the  Resource  Conservation  and  Recovery  Act  (RCRA).  OB/OD 
of  energetic  wastes  requires  a  Subpart  X  permit.  Subpart  X 
operations  remain  under  interim  status  until  November  1992.  At 
that  time,  whether  or  not  C j,  operations  will  be  allowed  to 

continue  in  their  curren!  f..>  3s  unknown  (3). 

The  United  States  Army  Toxrc  and  Hazardous  Materials  Agency 
(USATHAMA)  is  currently  cone,  .cting  a  program  to  develop  methods 
and  procedures  for  utilizin.  aste  explosives  and  propellants  as 
supplemental  additives  to  for  the  recovery  of  energy  from 

these  compounds.  Preliminary  testing  on  the  explosives  TNT  and 
RDX  have  been  encourar'ng.  The  method  used  to  introduce  these 
explosives  as  a  fuel  additive  involves  solvation  and  mixing  vith 
No.  2  fuel  oil  (4).  Preliminary  testing  using  the  propellant 
nitrocellulose  indicates  that  such  solvation  and  mixing  with 
No.  2  fuel  oil  is  not  cost  effective  due  to  the  fact  that  only 
relatively  small  amounts  (approximately  2-3  weight  percent)  of 
nitrocellulose  can  be  incorporated  in  the  solvent-No.  2  fuel  oil 
mixture  without  increasing  the  viscosity  of  the  resulting 
nitrocellulose- '•■■'.vent-No.  2  fuel  oil  solution  beyond  the 
maximum  value  which  a  conventional  oil  burner  could  conceivably 
handle  (5).  However,  an  economic  analysis  did  indicate 
potential  cost  effectiveness  of  an  alternative  process  using 
propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels.  There 
is  no  data  to  confirm  the  technical  feasibility  of  using  such  a 
slurry  as  a  feed  to  an  industrial  combustor. 

The  following  introductory  sections  will  describe  the 
manufacturing  process  and  the  chemical  and  physical 
characteristics  of  each  type  of  propellant  and  the  common  base 
ingredients  found  in  each  formulation. 
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2 . 2  Composition  and  Methods  of  Preparation  and  Properties  of 

Propellants 

2.2.1  Major  Components  of  Typical  Propellants 

Three  types  of  propellant  are  used  in  military  ordnance: 
single-,  double-,  and  triple-base.  These  propellants  contain  at 
least  one  of  three  common  base  ingredients:  nitrocellulose, 
nitroglycerin,  and/or  nitroguanidine.  Single-base  propellant 
contains  predominantly  nitrocellulose;  double-base  propellant  is 
a  solution  of  nit  oglycerin  plasticizer  in  nit'  oceliulose;  and 
triple-base  propellant  contains  nitrocellulose  ,  nitroglycerin, 
and  nitroguanidine,  Different  grades  of  nitrocellulose, 
containing  different  weight  percent  nitrogen  contents  are  used 
in  the  manufacture  of  each  type  of  propellant.  For  example, 
triple-base  propellant  is  manufactured  with  12.6  percent 
nitrogen  nitrocellulose,  while  single-base  propellant  is 
manufactured  from  a  blend  of  12.5-  and  13.4-percent  nitrogen 
nitrocellulose.  For  a  single-base  propellant,  85-98  percent  of 
the  composition  consists  of  nitrocellulose;  for  a  double-base 
propellant,  the  fr-^tion  of  nitrocellulose  decreases  to  55-78 
percent,  while  for  a  triple-base  propellant,  only  about  20-28 
percent  of  the  composition  consists  of  nitrocellulose. 

Stabilizers  are  frequently  incorporated  into  nitrocellulose- 
based  propellants  to  promote  long-term  stability  and  prolong  the 
safe  storage  life  of  these  materials.  The  chemical  compounds 
which  have  traditionally  been  used  for  this  purpose  are  basic 
compounds  such  as  amines  or  ureas.  Typical  examples  include 
diphenylamine  (DPA),  2-nitrodiphenylamine  (2-NDPA),  and  1,3 
dietbyl-1, 3-diphenyl  urea  (Ethyl  Centralite).  The  structures  of 
these  compounds  are  shown  on  the  following  page.  Alkali  salts 
are  sometimes  added  to  suppress  "afterburning"  (in  rockets)  and 
"muzzle  flash"  (in  guns)  caused  by  the  subsequent  burning  in  air 
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of  the  combustion  products  CO  and  H£.  Examples  of  these  alkali 
salts  include  barium  nitrate,  potassium  nitrate,  potassium 
sulfate,  and  lead  carbonate. 

The  chemical  analyses  of  various  propellant  types  may  be  found 
in  the  literature.  Since  the  only  true  propellant  used  in  this 
study  is  the  AA2  material,  we  were  mainly  interested  in  the 
chemical  analyses  of  double-base  propellants.  A  list  of 
multi-base  propellant  ingredients  and  t* sir  functions  is 
presented  in  Table  2-1. 

General  solubility  characteristics  for  various  propellant 
ingredients  were  also  compiled  from  the  literature.  Based  on 
this  information,  the  propellant  ingredients  may  be  separated 
into  four  groups:  hydrophilic,  organophilic,  insoluble,  and 
others  as  shown  in  Table  2-2. 

2.2.2  Nitrocellulose 

2. 2, 2.1  .Chemical  and  Physical  Properties  of  Nitrocellulose  (6) 

Nitrocellulose  is  a  cellulose  derivative  and  its  solid  structure 
strongly  resembles  the  cellulose  from  which  it  is  derived.  In 
the  manufacture  of  military-grade  propellants,  the  cellulose 
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Nitrocellulose  A  base  ingredient  that  is  a  binder.  Yields  gaseous 

decomposition  products  and  energy. 

Nitroglycerin  A  base  ingredient  that  yields  gaseous  decomposition 

products  and  energy. 

Nitroguanidine  A  base  ingredient  that  yields  gaseous  decomposition 

products  and  energy.  Gases  are  cool  and  much  less 
gun  barrel  erosion  is  obtained  than  with  other 
propellant  bases. 

Plasticizer.  Peptizes  binders  such  as  nitrocellulose 
so  that  fibers  form  plastics  such  as  propellant. 
Improves  mechanical  properties  such  as  promoting 
increased  elongation.  Decreases  energy. 

Decreases  hygroscopicity. 

2-nitrodiphenyl-  Stabilizer.  Acquires  decomposition  products  to 

amine  (2-NDPA)  inhibit  decomposition  and  decreases  energy. 

(Also  acts  as  rate  modifier.) 

Ethyl  centralite  Stabilizer.  Acquires  decomposition  products  to 

(EG)  inhibit  decomposition  and  decreases  energy. 

Potassium  sulfate  Flash  and  smoke  reducers  to  inhibit  completion  of 

Barium  nitrate  combustion  and  reduce  flash  (associated  with  radar 

detection).  Particle  size  is  important.  Provides 
some  energy. 

Cryolite  Flash  reducer,  insoluble  in  water.  Therefore, 

cryolite  is  good  for  slurry  mix  operations. 

Graphite  (glaze)  Acts  as  a  lubricant,  thereby  increasing  loading 

density.  Also  acts  as  a  conductor  for  static 
electricity. 

Carbon  black  Increases  rate  of  burning.  Opacifies  and  prevents 

subsurface  burning. 

Acetone  Gelatinizes  (peptizes)  nitrocellulose  so  that  other 

ingredients  can  be  bound  into  it. 

Water  Used  in  propellant  manufacturing  to  keep 

nitrocellulose  wet  and  to  purify.  Keeps  nitrocellulose 
fibers  from  becoming  tightly  knit.  Aids  in  cross 
linking  nitrocellulose  so  that  processing  is 
facilitated. 


Dibutylphthalate 

(DBP) 
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Potassium  nitrate 
Barium  nitrate 
Potassium  perchlorate 
Lead  carbonate 
Potassium  sulfate 


Graphite 
Carbon  black 
Cryolite 


Dinitrotoluene 
Dibutylphthalate 
Diphenylamine 
2-nitrodiphenylamine 
Ethyl  centralite 

Others 

Nitrocellulose  (12.6%  N) 
Nitrocellulose  (13.15%  N) 
Nitroguanidine 


source  from  which  the  nitrocellulose  is  prepared  is  cotton 
linters.  Cotton  linters  are  the  material  remaining  on  or 
attached  to  cotton  seeds  after  the  more  valuable  cotton  hairs 
have  been  removed.  Typical  nitrocelluloses  are  high  molecular 
weight  (10'5-106  g/mole)  polymer  chains  composed  of 
anhydroglucose  units,  each  containing  up  to  three  nitrate 
groups.  Two  such  units  for  fully  nitrated  cellulose  are  shown 
below. 


Propellant-No.  2  Fuel  Oil  Slurries 
As  Supplemental  Fuels 


2-6 


U.S.  Army 
USATHAMA 


The  chemical  reaction  which  converts  the  cotton  linters  to 
nitrocellulose  is  actually  not  a  nitration  but  an  esterification 
reaction.  In  each  glucose  residue  of  the  cellulose  chain,  there 
are  three  hydroxyl  (-0H)  groups,  two  secondary  and  one  primary, 
which  theoretically  could  result  in  the  formation  of  one  or  more 
definite  compounds  corresponding  to  the  successive  nitration  of 
each  type  of  hydroxyl  group  in  each  residue.  In  practice, 
however,  no  such  distinction  of  mono-  or  dinitrate  can  be  made 
with  certainty  and  there  is  no  valid  evidence  to  suggest  that 
even  the  primary  hydroxyl  group  is  different  from  the  two 
secondary  groups  in  regard  to  their  relative  reactivity  with 
nitric  acid.  A  representative  formula  for  nitrated  cellulose 
may  be  written  as  CgHjCOlOxCONC^y  where  x  +  y  =  3.  The 
mononitrate,  x  =  2  and  y  =  1,  has  a  nitrogen  content  of  6.76 
percent;  the  dinitrate,  x  =  1  and  y  =  2,  has  a  nitrogen  content 
of  11.11  percent;  and  the  trinitrate,  x  =  0  and  y  =  3,  has  a 
nitrogen  content  of  14.14  percent. 

The  nitrogen  content  determines  the  chemical  and  physical 
properties  of  any  particular  nitrocellulose.  In  fact,  the  great 
majority  of  nitrocelluloses  which  are  useful  for  industrial 
purposes  have  nitrogen  contents  not  very  far  removed  from 
12.0  percent.  The  more  highly  nitrated  variety  containing  from 
12.9-  to  13.5-percent  nitrogen  content,  which  is  made  for 
incorporation  into  military  propellants,  is  known  by  the 
traditional  name  of  "guncotton".  Nitrocelluloses  used  in 
propellants  contain  12-13.2  percent  nitrogen  by  weight  and 
consequently,  still  have  a  significant  number  of  unnitrated 
hydroxyl  groups  randomly  distributed  along  the  polymer.  In 
nitrocellulose  with  less  than  14.14  percent  nitrogen,  the  N0£ 
groups  are  distributed  randomly  along  the  entire  length  of  the 
cellulose  polymer,  so  x  and  v  should  be  regarded  as  average 
values  over  the  entire  length  of  the  chain.  These  unreacted 
hydroxyl  groups  strongly  affect  the  physical  and  chemical 
properties  of  the  nitrocellulose  polymer. 
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2. 2. 2. 2  M 


(6) 


In  the  manufacture  of  nitrocellulose,  the  first  step  is  the 
pretreatment  of  the  cellulose.  Cotton  linters  that  have  been 
suitably  purified  by  washing  with  water  are  dried  until  the 
moisture  content  is  reduced  from  6-7  percent  to  about  0.5 
percent.  The  linters  are  ther.  nitrated  by  the  mechanical  dipper 
process  which  has  displaced  other,  more  hazardous  processes. 

The  composition  of  the  mixed  acid  used  in  this  process  varies 
depending  on  the  type  of  cellulose  nitrate,  the  degree  of 
nitration  desired,  and  the  season  of  the  year.  A  typical  mixed 
acid  composition  for  the  preparation  of  guncotton  from  cotton 
linters  is  60.5  percent  sulfuric  acid,  24.5  percent  nitric  acid, 
4.0  percent  nitrosylsulfuric  acid,  and  11.0  percent  water. 

About  1,500  pounds  of  mixed  acid  are  placed  in  a  stainless-steel 
nitrator  at  a  temperature  of  30°C.  The  nitrator  is  equipped 
with  two  vertical  agitators  revolving  in  opposite  directions 
that  impart  motion  toward  the  center.  Approximately  32  pounds 
of  cotton  linters  are  added.  The  paddles  of  the  agitator  are 
designed  to  immediately  draw  the  linters  below  the  surface  of 
the  acid,  away  from  the  fume  exhaust  line.  Nitration  is 
exothermic,  so  provisions  must  be  made  to  prevent  the 
temperature  from  rising  above  30°C-  When  nitration  has  been 
completed  (about  20  minutes),  the  slurry  is  discharged  through  a 
valve  in  the  bottom  to  a  centrifuge,  where  most  of  the  mixed 
acid  is  removed.  The  acid-wet,  crude  nitrocellulose  is  then 
forked  through  an  opening  in  the  bottom  of  the  centrifuge  into  a 
drowning  basin  where  rapid  submersion  in  cold  water  takes 
place.  The  nitrocellulose  must  then  be  stabilized  and  purified. 

Five  different  grades  of  nitrocellulose  are  recognized  and  used 
in  the  preparation  of  military  propellants  (Table  2-3). 
Pyroxylin,  which  contains  from  about  8-  to  12.3-percent 
nitrogen,  consists  of  light  yellow,  catted  filaments.  When 
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dissolved  in  3  parts  ether  and  1  part  alcohol,  the  solution  is 
pale  yellow  and  viscous.  Pyroxylin  is  also  soluble  in  acetone 
or  glacial  acetic  acid  and  is  precipitated  from  solution  by 
water.  Pyroxylin  is  very  flammable  and  is  decomposed  by  light. 
The  pyroxylin  used  for  military  purposes  contains  12.2+0.10 
percent  of  nitrogen.  Pyroxylin  is  the  type  of  nitrocellulose 
that  was  used  in  the  manufacture  of  the  AA2  propellant  used  in 
this  study. 

Table  2-3.  Military  Grades  of  Nitrocellulose 


Class 

Nitroeen.  Percent 

Grade  A 

Pyrocellulose 

Type  I 

12. 60+0.10 

Type  II 

12.60+0.15 

Grade  B 

Guncotton 

13.35  minimum 

Grade  C 

Blended 

Type  I 

13.15+0.05 

Type  II 

13.25+0.05 

Grade  D 

Pyroxylin 

12.20+0.10 

Grade  E 

12.00+0.10 

In  the  manufacture  of  single-base  propellants,  wet 
nitrocellulose  from  the  manufacturing  process  described  above  is 
dehydrated.  Dehydration  is  accomplished  by  pressing  the 
nitrocellulose  at  low  pressure  in  order  to  squeeze  out  water, 
adding  95  percent  ethanol,  and  pressing  at  about  3,500  pounds 
per  square  inch.  A  block  containing  25  pounds  of  dry 
nitrocellulose  and  about  one-third  that  much  of  90  percent 
ethanol  is  obtained.  The  wet  block  is  broken  into  small  lumps 
by  means  of  a  rotating  drum  containing  iron  prongs  and  a 
screen.  The  nitrocellulose  is  transferred  to  a  water-cooled 
dough  mixer  and,  while  in  this  operation,  ether  equal  to 
approximately  two-thirds  of  the  weight  of  dry  nitrocellulose  is 
added.  Any  plasticizing  agents  and  stabilizers  to  be  included 
in  the  composition  are  dissolved  in  or  mixed  with  the  ether 
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prior  to  addition  to  the  nitrocellulose.  After  addition  of  the 
ether  is  complete,  materials  such  as  potassium  nitrate  are 
added.  Mixing  of  the  ingredients  is  continued  for  about  one 
hour.  A  part:'  ly  colloided  mixture  which  resembles  dry  oatmeal 
is  produced,  i  -ter  pressing  this  mixture  into  a  block, 
extruding  it  through  a  macaroni  press,  and  re-pressing  it  into  a 
block  again,  a  well  colloided  material  is  obtained.  This  is 
placed  in  a  graining  press  and  extruded  through  a  carefully 
designed  die  by  the  application  of  pressure.  The  material 
emerges  as  a  cord  with  one  or  more  cylindrical  performations . 

The  cord  is  cut  into  pieces  of  predetermined  length.  Removal  of 
the  volatile  solvent,  with  shrinkage  of  the  grains  to  their 
final  dimensions,  completes  the  manufacture  of  most  common 
single-base  propellants. 

2.2.3  Nitroglycerin 


2. 2. 3.1 


Nitroglycerin,  glycerol  trinitrate,  or  1,2,3-propanetriol 
trinitrate,  shown  below,  is  a  clear,  colorless,  odorless,  oily 
liquid  with  a  theoretical  maximum  density  of  1.596  grams  per 
cubic  centrimeter.  Nitroglycerin  has  a  sweet,  burning  taste  and 
a  molecular  weight  of  227.1. 


H2  H  H2 

C C C  —  O — NO2 

I  I 

O2N  —  o  O — NO2 


Structural  Formula  for  Nitroglycerin 


Propellant-No.  2  Fuel  Oil  Slurries 
As  Supplemental  Fuels 


2-10 


U.S.  Army 
USATHAMA 


Nitroglycerin  can  be  used  as  a  solvent  for  other  explosives;  35 
grains  of  dinitrotoluene  dissolve  in  100  grams  of  nitroglycerin 
at  20°G  and  30  grams  of  trinitrotoluene  dissolve  per  100  grams 
at  20°C.  Nitroglycerin  is  used  extensively  in  propellant 
compositions  as  gelatinizing  agent  for  nitrocellulose  as  well  as 
in  dynamites  and  for  the  shooting  of  oil  wells. 

2. 2. 3. 2  Manufacture  of  Nitroglycerin  and  Double-Base  Prop_ellant_s  (6) 

Nitroglycerin  is  manufactured  by  nitrating  glycerin  with  a  mixed 
acid.  Several  processes  are  currently  used  in  the  United  States 
and  Europe.  The  processes  can  be  generally  classified  according 
to  whether  they  are  continuous  or  batch  production. 

In  batch  production,  high  grade  glycerol  is  added  to  mixed  acid 
that  consists  of  45-  to  50-percent  nitric  acid  and  50-  to 
55-percent  sulfuric  acid.  The  reaction  between  the  glycerol  and 
mixed  acid  is  carried  out  in  a  nitrator  equipped  with  a 
mechanical  agitator  and  cooling  coils  that  carry  a  brine 
solution  of  calcium  chloride  at  -20°C.  A  6,800  pound  charge  of 
mixed  acid  is  placed  in  the  nitrator  and  the  glycerol  is  added 
in  a  small  stream.  Stirring  is  continued  for  a  few  minutes 
after  the  50  to  60  minutes  required  to  add  the  glycerol.  Then 
the  nitroglycerin  is  allowed  to  separate  completely.  The  lower 
layer  of  spent  acid  is  drained  off  to  be  recycled  or  otherwise 
disposed  of  and  the  nitroglycerin  is  run  off  into  a 
neutralizer.  An  initial  40°C  water  wash  removes  most  of  the 
acid.  Then  a  wash  with  a  2-  to  3-percent  sodium  carbonate 
solution  neutralizes  the  residual  acid.  Washing  with  water  is 
continued  until  the  water  is  free  of  alkali  and  the 
nitroglycerin  is  neutral  to  litmus.  The  yield  of  nitroglycerin 
is  230±5  parts  by  weight  per  100  parts  of  glycerin. 
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The  chemistry  involved  in  the  continuous  manufacture  of 
nitroglycerin  is  basically  the  same  as  that  described  for  batch 
processing  except  the  equipment  is  designed  to  allow  nonstop 
production.  The  advantages  of  continuous  processes  are:  faster 
production,  better  process  control,  lower  labor  costs,  and, 
perhaps  most  important,  safety,  as  a  result  of  the  smaller 
accumulations  of  nitroglycerin  at  any  given  plant  location.  In 
the  United  States  the  common  practice  is  to  nitrate  mixtures  of 
glycol  and  glycerol.  The  nitration  proceeds  in  the  same  manner 
as  with  pure  glycerol. 

Double-base  propellants  are  manufactured  by  two  methods.  The 
solvent  process  is  similar  to  that  used  for  single-base 
propellants  except  that  a  mixture  of  ethanol  and  acetone  is  used 
as  the  solvent  and  the  solvent  recovery  procedure  is  omitted 
because  of  the  hazard  involved  in  recovering  solvents  containing 
nitroglycerin. 

The  solventless  process  is  used  when  the  nitroglycerin  and  any 
other  colloiding  agents  constitute  approximately  40  percent  of 
the  composition.  The  AA2  propellant  used  in  this  study  is 
manufactured  using  the  solventless  process.  In  this  process  the 
wet  nitrocellulose  (e.g.,  pyroxylin  for  AA2)  is  blended  with  the 
nitroglycerin  in  a  tank  filled  with  water.  Ethyl  centralite  is 
mixed  in  and  the  bulk  of  the  excess  water  is  removed  by 
centrifuging.  The  resulting  paste  is  put  in  cotton  bags  and 
subjected  to  heated  air  currents  to  reduce  the  moisture 
content.  The  remaining  constituents  are  then  blended  with  the 
partially  dried  paste.  Repeated  rolling  between  heated  steel 
rollers  removes  the  rest  of  the  water  and  completes  colloiding 
of  the  nitrocellulose.  The  thickness  of  the  sheet  formed  is 
controlled  carefully  and  varies  with  use.  If  the  sheet  is  to  be 
cut  into  flakes  for  use  in  small  arms  or  mortars,  the  thickness 
is  between  0.08  and  0.32  millimeter  (0.003  and  0.0125  inch). 
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Sheets  to  be  extruded  in  the  form  of  large  grains  for  use  in 
rockets  may  be  as  thick  as  3.18  millimeters  (0.125  inch).  The 
AA2  propellant  shavings  used  in  this  study  are  the  waste 
material  resulting  from  the  latter  extrusion  process. 

2. 2. 4  Nitroeuanidine 

2 . 2 . 4 . 1  Chemical  and  Physical  Properties  of  Nitroeuanidine  ( 6 ) 

Nitroguanidine,  shown  below,  is  also  known  as  picrite  or 
guanylnitramine.  The  compound  has  a  nitrogen  content  of  53.84 
percent,  an  oxygen  balance  to  C0£  of  -30.8  percent,  a 
theoretical  maximum  density  of  1.81  grams  per  cubic  centimeter, 
and  a  molecular  weight  of  104.1.  The  melting  point  of 
nitroguanidine  varies  somewhat  with  the  rate  of  heating.  The 
pure  material  melts  with  decomposition  at  232°C,  but  values  from 
220 °C  to  250 °C  are  obtainable  with  various  heating  rates. 


NOz  H 

I  I 

H - N - C - N - H 

II 

NH 

Structural  Formula  for  Nitroeuanidine 


Because  of  the  low  temperature  of  explosion,  about  2,098°C, 
nitroguanidine  is  used  in  triple-base  propellants  that  are 
practically  flashless  and  less  erosive  than  nitrocellulose- 
nitroglycerin  propellant  of  comparable  force.  When  used  by  the 
Germans  in  World  War  II  in  antiaircraft  guns,  a  nitroguanidine 
propellant  increased  the  barrel  life  from  1,700  firings  to  about 
15,000  firings. 
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2. 2. A. 2 


(6) 


Several  methods  for  the  preparation  of  nitroguanidine  are 
known.  The  earliest  method  was  by  the  direct  nitration  of 
guanidine  thiocyanate  with  mixed  acids.  Guanidine  thiocyanate 
is  one  of  the  cheapest  and  easiest  to  prepare  of  the  guanidine 
salts.  However,  this  method  of  production  also  produced  sulfur 
compound  impurities  which  attacked  and  degraded  the 
nitrocellulose  component.  This  lowered  the  stability  of 
propellant  compositions  to  an  unacceptable  degree,  thus 
precluding  early  use  of  the  compound  as  an  ingredient  in 
nitrocellulose  based  propellants.  A  more  pure  form  of 
nitroguanidine  that  does  not  contain  the  sulfur  compound 
impurities  can  be  prepared  in  one  of  several  known  ways.  In  one 
method,  equimolecular  quantities  of  urea  (H2NCONH2)  and  ammonium 
nitrate  (NH^NOo)  are  fused.  The  product  is  then  recrystallized 
from  boiling  water.  The  yield  of  this  method  is  approximately 
92  percent  of  the  theoretical. 

Another  method  of  preparation  involves  heating  a  solution  of 
equimolecular  quantities  of  cyanamide  (H2NCN)  and  ammonium 
nitrate  (NH4NO3)  to  160 °C  at  a  pressure  of  200  pounds.  The 
product  is  then  recrystallized  from  boiling  water.  The  yield  of 
this  method  is  approximately  88  percent. 

A  third  method  involves  the  production  of  guanidine  nitrate  as  a 
precursor  to  the  nitroguanidine.  Two  reactions  can  be  employed 
to  produce  guanidine  nitrate.  The  first  reaction  is  the 
reaction  between  guanidine  (H2NC(=NH)NH2)  and  nitric  acid 
(HNO3).  The  second  reaction  is  the  reaction  between 
dicyandiamide  (Il2NC(=NH)NHCN)  and  ammonium  nitrate  (NH4NO3).  As 
the  guanidine  or  dicyandiamide  can  be  produced  from  the  raw 
materials  coke,  limestone,  atmospheric  nitrogen,  and  water,  the 
production  of  nitroguanidine  does  not  involve  the  use  of  special 
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natural  resources.  However,  a  very  large  amount  of  electrical 
energy  is  required  for  the  production  of  dicyandiamide  or 
guanidine.  Dehydration  of  guanidine  nitrate  to  nitroguanidine 
is  affected  by  adding  1  part  of  the  nitrate  to  2.3  parts  by 
weight  of  sulfuric  acid  (95  percent),  so  that  the  temperature 
does  not  rise  above  10°C.  As  soon  as  all  the  nitrate  has  been 
dissolved,  the  milky  solution  is  poured  into  seven  and  one-half 
parts  of  ice  and  water.  The  mixture  is  kept  ice-cold  until 
precipitation  is  complete,  when  the  nitroguanidine  is  filtered, 
washed  with  cold  water,  and  redissolved  in  10  parts  of  boiling 
water.  The  nitroguanidine  recrystallizes  when  the  solution 
cools.  The  yield  is  approximately  90  percent  of  the  theoretical. 

The  manufacturing  process  used  for  the  nitroguanidine 
triple-base  propellants  in  the  United  States  has  been  uniformly 
solvent  extrusion.  The  amount  of  solvent  used  is  quite  low  so 
the  propellant  is  very  soft  during  extrusion.  The  soft  strands 
may  require  partial  drying  before  cutting  in  order  not  to  deform 
the  cross  section  at  the  cut.  Removal  of  solvent  from  the 
triple-base  propellant  is  rapid,  possibly  due  to  diffusion  of 
solvent  within  the  grain  along  the  crystal-plastic  interfaces. 

In  order  to  make  a  good  quality  grain,  lower  drying  temperature 
gradients  are  used  in  order  to  avoid  steep  solvent  gradients 
which  result  in  distortion  and  cracking. 
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m.  DISCUSSION  OF  RESULTS 


3 . 1  Physical  Characteristics  of  Propel lant-No.  2  Fuel  Oil  Slurries 

The  first  series  of  tests  in  this  project  were  conducted  to 
determine  the  physical  characteristics  of  propel lant-No.  2  fuel 
oil  slurries-  Initially,  tests  were  conducted  to  determine  the 
feasibility  of  wet-grinding  the  AA2  propellant  shavings  with 
No.  2  fuel  oil  to  produce  slurries  suitable  for  subsequent 
physical  testing.  The  nitrocellulose  and  nitroguanidine 
propellant  samples  did  not  require  wet  grinding  prior  to 
dispersing  them  in  No.  2  fuel  oil  to  form  slurries  suitable  for 
testing.  The  solubility  of  each  propellant  in  No.  2  fuel  oil  at 
25 °C,  45 °C,  and  65 °C  was  then  measured.  Next,  the  particle-size 
distributions  of  representative  AA2  propellant-No.  2  fuel  oil 
slurries  were  measured.  The  settling  rate  for  each 
propellant-No.  2  fuel  oil  slurry  was  recorded.  Finally,  the 
density  and  viscosity  of  each  propellant-No.  2  fuel  oil  slurry 
was  measured  at  25 eC,  45 °C,  and  65 °C. 

3.1.1  Characterization  and  Composition  of  Each  Propellant  Sample 

Each  propellant  sample  used  in  this  project  was  supplied  by  the 
Naval  Ordnance  Station  in  Indian  Head,  Maryland.  Nitroguanidine 
was  supplied  as  a  dry  (<1  percent  I^O),  finely-divided  powder. 

As  Figure  3-1  shows,  some  aggregation  of  the  nitroguanidine 
occurred  during  shipping  and  handling,  however,  these  aggregates 
were  easily  broken  up  when  the  nitroguanidine  was  dispersed  in 
the  No.  2  fuel  oil.  A  chemical  analysis  for  percent  carbon, 
hydrogen,  and  nitrogen  content  confirmed  the  purity  of  the 
nitroguanidine  sample  as  greater  than  99  percent. 

The  nitrocellulose  was  received  as  a  water-wet  (28-29  percent 
H2O),  finely  divided  powder  that  contained  13.3  percent  nitrogen 
by  weight.  A  photograph  of  this  material  at  2X  magnification 


Propellant-No.  2  Fuel  Oil  Slurries 
As  Supplemental  Fuels 


3-1 


U.S.  Army 
USATHAMA 


Figure  3-1.  Photograph  of  Nitroguanidine  Propellant  (2  x  Magnification). 
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shows  the  finely-divided  nature  of  this  material  (Figure  3-2). 
Finally,  che  AA2  propellant  was  supplied  as  paper-thin  shavings 
of  various  lengths  (Figure  3-3),  resulting  from  the  extrusion  of 
the  propellant  sheets  through  a  die  to  form  large  grains  for  use 
in  rockets.  The  composition  of  this  propellant  was  kindly 
supplied  by  Hercules,  Inc.,  Rocket  Center,  West  Virginia 
(Table  3-1).  This  composition  was  confirmed  by  a  chemical 
analysis. 

Table  3-1.  Composition  of  the  AA2  Propellant  Formulation 


Ingredient 
Nitrocellulose 
(12.2  percent  nitrogen) 
Nitroglycerin 
Triacetin 
Lead  Salt 

Dinitrophenylamine 

2-Nitrodiphenylamine 

Wax 


Weight  Percent  in 
the  Formulation 

51.0 

38.6 

2.7 

4.0 

1.6 

2.0 

0.1 


3.1.2 


Nitrocellulose  was  found  to  be  insoluble  (<0.010  g/ml)  in  No.  2 
fuel  oil  at  25 °C,  45 °C,  and  65 °C.  As  was  noted  in  a  previous 
report  (5),  the  common  paraffin  hydrocarbons  are  very  poor 
solvents  for  n > t/ocellulose  since  they  are  practically  devoid  of 
any  polar  groups  within  their  molecular  structure.  As  a  general 
rule,  no  substance  is  a  solvent  for  nitrocellulose  unless  its 
molecular  structure  contains  a  polar  group.  For  example, 
acetone,  which  contains  a  polar  carbonyl  oxygen  (C=0)  group,  has 
been  shown  to  be  one  of  the  most  effective  solvent  for 
nitrocelluloses  of  various  nitrogen  contents. 


Nitroguanidine  was  also  found  to  be  insoluble  (<0.010  g/ml)  in 
No.  2  fuel  oil  at  25°C,  45°C,  and  65°C.  Nitroguanidine  is 
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Figure  3-2.  Photograph  of  Nitrocellulose  (Dried)  Propellant  (2x  Magnification). 
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slightly  soluble  in  water  and  alcohol  at  25 °C,  but  nearly 
insoluble  in  ether  at  this  temperature.  The  AA2  propellant  was 
found  to  be  slightly  soluble  in  No.  2  fuel  oil  at  25 °C,  45  °C, 
and  65 °C,  the  solubility  values  being  0.0145,  0.0154,  and  0.0163 
g/ml,  respectively.  As  was  noted  in  Table  2-2,  the  amine-  and 
urea-based  stabilizers  2-nitrodiphenylamine  and  ethyl  centralite 
are  organophilic  compounds  and  may  leach  from  the  AA2  propellant 
into  the  No.  2  fuel  oil. 

3.1.3  Size  Reduction  and  Particle-Size  Distribution  Tests 

As  was  stated  earlier,  the  AA2  propellant  was  received  in  the 
form  of  paper-thin  shavings  of  various  lengths  and  sizes.  In 
order  to  produce  a  slurry  suitable  for  subsequent  physical  and 
chemical  testing,  the  AA2  propellant  shavings  were  wet-ground 
with  No.  2  fuel  oil  using  an  Ultra-Turrax  T-25  grinder  fitted 
with  an  appropriate  dispersing  tool  (see  Section  5. 2. 2. 2  for 
details).  The  particle-size  distribution  from  a  representative 
AA2  propellant-No.  2  fuel  oil  slurry  prepared  with  this  grinding 
apparatus  is  given  in  Table  3-2.  This  particle-size 
distribution  was  characteristic  of  each  AA2  propellant-No.  2 
fuel  oil  slurry  and  did  not  vary  significantly  as  the  weight 
percent  concentration  of  AA2  propellant  in  the  No.  2  fuel  oil 
was  increased  from  5  to  30  percent.  Figure  3-4  shows  a 
photograph  taken  at  2X  magnification  of  the  ground  AA2 
propellant  after  it  had  been  filtered  from  the  No.  2  fuel  oil„ 
washed  thoroughly  with  kerosene,  and  dried.  This  photograph 
clearly  illustrates  the  reduction  in  particle  size  for  the  AA2 
propellant  shavings  capable  of  being  attained  with  the 
Ultra-Turrax  grinder. 
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Each  propellant-No.  2  fuel  oil  slurry  was  allowed  to  settle  for 
approximately  one  week  and  the  level  to  which  the  propellant  had 
settled  was  marked  on  the  container.  The  respective  slurry  was 
then  shaken  vigorously  for  30  seconds  to  redisperse  the 
propellant  in  the  No-  2  fuel  oil-  The  amount  of  time  elapsed 


while  the  slurry  settled  to  the  marked  position  on  the  container 


was  then  recorded.  For  the  nitroguaniaine-No.  2  fuel  oil 
slurries,  a  minimum  of  60  minutes  to  a  maximum  of  120  minutes 


was  required  for  a  5  and  15  percent  by  weight  propellant-No.  2 
fuel  oil  slurry  to  settle  out,  respectively.  On  average,  for 
both  the  nitrocellulose  (dried)-  and  nitrocellulose 
(water-wet )-Wo.  2  fuel  oil  slurries,  60  minutes  was  required  for 
the  nitrocellulose  in  the  slurries  to  settle  out,  irrespective 
of  concentration.  Finally,  for  the  AA2  propellant-No.  2  fuel 
oil  slurries,  the  elapsed  time  for  the  propellant  to  settle  out 


averaged  less  than  15  minutes. 


ASTM  D  4380-84  standard  procedure  (Appendix  A).  The  results 
obtained  at  each  temperature  for  each  type  of  slurry  are 
summarized  in  Table  3-3.  The  densities  of  these  slurries 
provide  the  data  required  for  calculating  the  viscosity  of  each 
slurry  and  some  economic  parameters  as  well.  The  viscosity  data 
is  more  informative  and  will  be  discussed  in  the  following 
section. 

Table  3-3.  Densities5  of  Propellant-No.  2  Fuel  Oil  Slurries 
at  25°C.  45°C.  and  65°G 


ProDellant  Wt. 

%  Pronellant 

No.  2  Fuel  Oil 

0.0 

Nitroguanidine 

5.0 

7.5 

10.0 

12.5 

15.0 

Nitrocellulose 

5.0 

(Dried  at  70°C) 

7.5 

10.0 

12.5 

15.0 

Nitrocellulose 

5.0 

(28%  Water  Content)  7.5 

10.0 

12.5 

15.0 

AA2  Propellant 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

Density  (g/ml) 


25  °C 

4i!fi 

0.851 

0.826 

0.812 

0.875 

0.858 

0.846 

0.883 

0.870 

0.860 

0.901 

0.885 

0.871 

0.920 

0.891 

0.885 

0.933 

0.908 

0.895 

0.875 

0.855 

0.826 

0.886 

0.872 

0.840 

0.898 

0.880 

0.852 

0.908 

0.886 

0.870 

0.939 

0.896 

0.883 

0.872 

0.859 

0.847 

0.880 

0.868 

0.860 

0.891 

0.878 

0.867 

0.905 

0.885 

0.874 

0.910 

0.893 

0.883 

0.879 

0.864 

0.854 

0.899 

0.885 

0.872 

0.924 

0.903 

0.891 

0.943 

0.926 

0.911 

0.968 

0.948 

0.930 

0.983 

0.966 

0.952 

aAll  values  are  the  average  of 


three  replicates. 
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To  obtain  atomization  in  a  standard,  unmodified  oil  burner,  it 
has  been  determined  that  the  viscosity  of  the  oil  should  not 
exceed  a  range  of  20  to  30  centistokes  at  the  burner  tip  (4). 

At  temperatures  of  25 °C,  45 °C,  and  65 °C,  the  neat  No.  2  fuel  oil 
exhibited  viscosities  of  5.3,  4.5,  and  3.4  centistokes, 
respectively. 

The  viscosity  of  each  propellant-No.  2  fuel  oil  slurry  was 
measured  at  25°C,  45°C,  and  65°C  with  a  Brookfield  Model  DV-II 
viscometer  according  to  Method  A,  ASTM  D  2196-86  and  ASTM  D 
1439-83a  standard  procedures  (Appendix  A).  The  viscosity  data 
is  summarized  in  Table  3-4.  Two  general  observations  can  be 
made  based  upon  the  data  given  in  this  Table:  (1)  the  viscosity 
of  each  propellant-No.  2  fuel  oil  slurry  increases  as  the  weight 
percent  concentration  of  propellant  in  the  No.  2  fuel  oil 
increases;  and  (2)  the  viscosity  of  each  propellant-No.  2  fuel 
oil  slurry  decreases  as  the  temperature  is  increased  from  25 °C 
to  65°C. 

Before  a  more  in-depth  analysis  of  the  viscosity  data  from  the 
propellant-No.  2  fuel  oil  slurries  can  be  presented,  some 
additional  points  need  to  be  made  regarding  the  accuracy  of 
viscosity  measurements  obtained  from  dispersions  or  slurries. 
Dispersions  or  slurries,  which  are  multiphase  materials 
consisting  of  one  or  more  solid  phases  dispersed  in  a  liquid 
phase,  display  characteristics  peculiar  to  multiphase 
materials.  These  characteristics  are  discussed  below. 

One  of  the  major  characteristics  to  consider  is  the  state  of 
aggregation  of  the  sample  material.  Are  the  particles  that  make 
up  the  solid  phase  separate  and  distinct  or  are  they  clumped 
together;  how  large  are  the  clumps  and  how  tightly  are  they 
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Table  3- 

A.  Viscositiesa  of  Pronellant-No.  2  Fuel 

Oil  Slurries 

at  25°C.  A5°C.  and 

65°C 

Pronellant 

Wt.  %  Propellant 

yj.SCQS.ity_ 

25°C  A5°C 

JsS) 

mi 

No.  2  Fuel 

Oil  0.0 

5.3  A. 5 

3. A 

Nitroguanidine 

5.0 

9.3 

6.5 

5.7 

7.5 

12.6 

9.8 

8.8 

10.0 

31. A 

18. A 

16.0 

12.5 

78.2 

5A.5 

A9.6 

15.0 

128.9 

7A.A 

58.6 

Nitrocellulose 

5.0 

15.9 

10.5 

8.7 

(Dried  at  70°C) 

7.5 

53.5 

30. A 

25.0 

10.0 

156. A 

95.6 

80.9 

12.5 

381.5 

203.2 

180.5 

15.0 

A5A.8 

2A3.5 

220.8 

Nitrocellulose 

5.0 

12. A 

9.8 

7.8 

(28%  Water  Content) 

7.5 

29.9 

17.7 

1A.9 

10.0 

5A.3 

A0. 1 

33.6 

12.5 

1A9.9 

110.9 

98.2 

15.0 

3A1.9 

2A0.5 

188.0 

AA2  Propellant 

5.0 

A3. 8 

20.3 

17.9 

10.0 

51.9 

A0. 5 

35.9 

15.0 

58.0 

52.1 

A6.A 

20.0 

8A.7 

6A.3 

5A.7 

25.0 

92.7 

78.3 

69.6 

30.0 

105. A 

87.8 

83.9 

aAll  values  are  the  average  of  three  replicates. 


stuck  together?  If  the  clumps  (floes)  occupy  a  large  volume  in 
the  dispersion,  the  viscosity  of  the  dispersion  will  tend  to  be 
higher  than  if  the  floe  volume  was  smaller.  This  is  due  to  the 
greater  force  required  to  dissipate  the  solid  component  of  the 
dispersion.  In  fact,  this  provides  support  for  the  first  general 
observation  noted  above  for  the  propellant-No.  2  fuel  oil 
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slurries,  namely,  that  the  viscosity  of  each  slurry  increases  as 
the  weight  percent  concentration  of  propellant  in  the  No.  2  fuel 
oil  increases. 

The  shape  of  the  particles  making  up  the  dispersed  phase  is  also 
of  significance  in  determining  a  system's  rheology.  Particles 
suspended  in  a  flowing  medium  are  constantly  being  rotated.  If 
the  particles  are  essentially  spherical,  rotation  can  occur 
freely.  If,  however,  the  particles  are  needle-  or  plate-shaped, 
the  ease  with  which  rotation  can  occur  is  less  predictable,  as 
is  the  effect  of  varying  shear  rates. 

Finally,  the  stability  of  a  dispersed  phase  is  particularly 
critical  when  measuring  the  viscosity  of  a  multiphase  system. 

If  the  dispersed  phase  has  a  tendency  to  settle,  producing  a 
non-homogeneous  fluid,  the  rheological  characteristics  of  the 
system  will  change.  In  most  cases,  this  means  that  the  measured 
viscosity  will  decrease.  This  was  certainly  the  case  with  each 
of  the  propellant-No.  2  fuel  oil  slurries  measured  during  this 
study.  Therefore,  all  the  viscosity  measurements  described 
below  were  taken  immediately  after  the  slurry  sample  was  shaken 
vigorously  for  10  seconds,  in  accordance  with  ASTM  D  1439-83a 
standard  procedure  (Appendix  A). 

The  viscosities  of  the  nitroguanidine-No.  2  fuel  oil  slurries  at 
25 °C,  45 °C,  and  65 °C  are  shown  in  Figure  3-5.  At  a 
concentration  of  10  percent  by  weight  nitroguanidine  in  No.  2 
fuel  oil  at  both  45°C  and  65°C,  the  viscosities  of  the  slurries 
will  be  below  the  30  centistoke  upper  limit  to  obtain 
atomization  in  a  standard,  unmodified  oil  burner.  However,  if 
an  oil  burner  could  be  modified  to  allow  a  supplemental  fuel 
with,  for  example,  a  viscosity  double  that  allowed  in  an 
unmodified  burner,  then  the  viscosity  data  taken  at  65*0 
indicate  that  a  nitroguanidine-No.  2  fuel  oil  slurry  containing 
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VISCOSITIES  OF  NQ-FUEL  OIL  SLURRIES 


15  percent  by  weight  nitroguanidine  could  be  burned  as  a 
supplemental  fuel.  In  fact,  the  economic  analysis  given  in 
Section  4  indicates  that  it  may  be  cost-effective  to  consider 
using  a  modified  oil  burner  to  dispose  of  propellant-No.  2  fuel 
oil  slurries  containing  greater  than  10  percent  by  weight 
propellant. 

The  viscosities  of  the  nitrocellulose  (dried)-No.  2  fuel  oil 
slurries  measured  at  25°C,  45°C,  and  65°C  are  shown  in  Figure 
3-6.  The  nitrocellulose  was  dried  to  less  than  1  percent  water 
content  by  placing  small  portions  in  an  oven  for  24  hours  at 
70°C  (see  section  5. 2. 2.1).  At  a  concentration  of  7.5  percent 
by  weight  dried  nitrocellulose  in  No.  2  fuel  oil  at  both  45°C 
and  65°C,  the  viscosities  of  the  slurries  will  be  at  and 
slightly  below,  respectively,  the  30  centistoke  upper  limit  to 
obtain  atomization  in  a  standard,  unmodified  oil  burner.  By 
comparison,  the  viscosities  of  the  nitrocellulose 
(water-wet )-No.  2  fuel  oil  slurries  at  25°C,  45°C,  and  65°C  are 
shown  in  Figure  3-7.  From  an  inspection  of  this  data  at  65 °C, 
it  is  clear  that  the  viscosity  limit  to  obtain  atomization  is 
not  exceeded  until  the  nitrocellulose  (water-wet) -No.  2  fuel  oil 
slurry  concentration  increases  above  10  percent  by  weight  of  the 
propellant.  These  limits  for  the  concentration  of  each 
propellant  in  the  No.  2  fuel  oil,  i.e.,  7.5  percent  by  weight 
for  the  dried  nitrocellulose  and  10  percent  by  weight  of  the 
water-wet  (28-29  percent  H2O)  nitrocellulose,  could  not  be 
increased  since  the  viscosities  of  the  next  highest 
concentration  at  65 °C  in  each  case  are  well  above  even  a  60 
centistoke  limit  postulated  for  atomization  of  a  15  percent  by 
weight  nitroguanidine-No.  2  fuel  oil  slurry  supplemental  fuel  in 
a  modified  oil  burner. 

Finally,  the  viscosities  of  the  AA2  propellant-No.  2  fuel  oil 
slurries  measured  at  25 °C,  45  °C,  and  65 °C  are  shown  in  Figure 
3-8.  At  a  concentration  of  10  percent  by  weight  AA2  propellant 
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VISCOSITIES  OF  NC-FUEL  OIL  SLURRIES 

(NC  DRIED  AT  70  C) 
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VISCOSITIES  OF  NC-FUEL  OIL  SLURRIES 

(AS -RECEIVED  NC,  28%  WATER  CONTENT) 
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VISCOSITIES  OF  AA2  — FUEL  OIL  SLURRIES 

(AT  25,  45,  AND  65  C) 


in  No.  2  fuel  oil  at  65 °C,  the  30  centistoke  upper  limit  to 
obtain  atomization  in  a  standard,  unmodified  oil  burner  will 
just  be  exceeded.  However,  if  an  oil  burner  could  be  modified 
to  allow  a  supplemental  fuel  with,  for  example,  a  viscosity 
double  that  allowed  in  an  unmodified  burner,  then  the  viscosity 
data  taken  at  65 °C  indicate  that  a  AA2  propellant-No.  2  fuel  oil 
slurry  containing  20  percent  by  weight  AA2  propellant  could  be 
burned  as  a  supplemental  fuel. 

3.2  Chemical  Characteristics  of  Propellant-No.  2  Fuel  Oil  Slurries 

The  second  series  of  tests  in  this  project  were  conducted  to 
determine  the  chemical  characteristics  of  the  propellant-No.  2 
fuel  oil  slurries.  Flash  point,  fire  point,  heat  of  combustion, 
and  emissions  analysis  of  No.  2  fuel  oil  and  propellant-No.  2 
fuel  oil  slurries  were  performed  in  this  phase  of  the  project. 

3.2.1  Flash  Points  of  Propellant-No.  2  Fuel  Oil  Slurries 

The  flash  point  measures  the  tendency  of  a  sample  to  form  a 
flammable  mixture  with  air  under  controlled  laboratory 
conditions.  It  is  one  of  the  important  properties  which  must  be 
considered  in  assessing  the  overall  flammability  hazard  of  a 
material.  The  flash  point  is  used  in  shipping  and  safety 
regulations  to  define  "flammable"  materials.  Three  degrees  of 
flammability  are  commonly  used:  flammable,  combustible  and 
nonflammable.  They  are  defined  as  follows: 

•  Flammable  -  flash  point  is  less  than  100°F, 

•  Combustible  -  flash  point  is  greater  than  100°F, 

•  Nonflammable  -  flash  point  is  not  measurable. 
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The  flash  point  can  also  indicate  the  possible  presence  of  a 
highly  volatile  and  flammable  component  in  an  apparently 
nonvolatile  or  nonflammable  material.  The  following  paragraphs 
describe  the  results  obtained  from  the  determination  of  the 
flash  points  of  No.  2  fuel  oil  and  the  propellant-No.  2  fuel  oil 
slurries  according  to  ASTM  D  92-85  standard  procedure 
(Appendix  A). 

The  flash  points  of  No.  2  fuel  oil  and  propellant-No.  2  fuel  oil 
slurries  are  summarized  in  Table  3-5.  As  stated  previously,  the 
maximum  concentration  of  the  propellants  nitrocellulose  and 
nitroguanidine  that  could  be  attained  during  the  preparation  of 
the  slurries  was  15  percent  by  weight.  However,  for  the  AA2 
propellant,  the  maximum  concentration  of  this  material  was  30 
percent  by  weight. 


Table  3-5. 


Weight  Percent  Weight  Percent 


Flash 
Point  (°F) 


No.  2  Fuel  Oil 

0.0 

100.0 

178.0 

Nitroguanidine 

5.0 

95.0 

235.0 

10.0 

90.0 

219.9 

15.0 

85.0 

210.2 

Nitrocellulose 

5.0 

95.0 

210.1 

(Dried  at  70°C) 

10.0 

90.0 

195.1 

15.0 

85.0 

180.0 

Nitrocellulose 

5.0 

95.0 

195.1 

(Water-Wet) 

10.0 

90.0 

204.8 

15.0 

85.0 

185.0 

AA2  Propellant 

5.0 

95.0 

204.8 

10.0 

90.0 

195.1 

15.0 

85.0 

180.0 

20.0 

80.0 

175.9 

25.0 

75.0 

170.1 

30.0 

70.0 

166.7 

Pleasured  according  to  ASTM  D  92-85  standard  procedure. 
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The  flash  points  of  all  the  nitrocellulose-No.  2  fuel  oil  and 
nitroguanidine-No.  2  fuel  oil  slurries  are  higher  than  the  flash 
point  of  neat  No.  2  fuel  oil.  In  contrast,  when  the 
concentration  of  AA2  propellant  in  No.  2  fuel  oil  was  increased 
above  15  percent  by  weight,  the  flash  point  became  lower  than 
the  flash  point  of  neat  No.  2  fuel  oil.  Finally,  the  data 
summarized  in  Table  3-5  clearly  shows  that  each  propellant-No.  2 
fuel  oil  slurry  may  be  classified  as  "combustible". 


3.2.2 


The  fire  point  measures  the  characteristics  of  a  sample  which 
are  required  to  support  combustion.  The  fire  point  is  defined 
as  the  lowest  temperature  at  which  a  volatile  combustible 
substance  vaporizes  rapidly  enough  to  form  above  its  surface  an 
air-vapor  mixture  which  burns  continuously  when  ignited  by  a 
small  flame.  The  results  obtained  from  determination  of  the 
fire  points  of  No.  2  fuel  oil  and  the  propellant-No.  2  fuel  oil 
slurries  according  to  ASTM  D  92-85  standard  procedure  (Appendix 
A)  are  discussed  in  the  following  paragraph. 


The  fire  points  of  No.  2  fuel  oil  and  the  propellant-No.  2  fuel 
oil  slurries  are  summarized  in  Table  3-6.  With  the  exception  of 
the  nitroguanidine-No.  2  fuel  oil  slurry  containing  5  percent  by 
weight  propellant,  the  fire  points  of  all  of  the 
propellant-No.  2  fuel  oil  slurries  are  less  than  the  fire  point 
of  No.  2  fuel  oil.  It  had  previously  been  a  matter  of  some 
concern,  expressed  in  the  test  plan  for  this  project,  that 
measurement  of  the  fire  points  of  the  propellant-No.  2  fuel  oil 
slurries  might  not  be  possible  due  to  safety  considerations. 
However,  during  the  analysis  of  these  slurries,  the  observation 
was  made  that  each  propellant-No.  2  fuel  oil  slurry  burned,  when 
initially  ignited  and  allowed  to  burn  for  5  seconds,  in  an 
identical  manner  to  the  No.  2  fuel  oil. 
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Table  3-6. 


Weight  Percent  Weight  Percent  Fire 


No.  2  Fuel  Oil 

0.0 

100.0 

237.0 

Nitroguanidine 

5.0 

95.0 

250.0 

10.0 

90.0 

230.0 

15.0 

85.0 

219.9 

Nitrocellulose 

5.0 

95.0 

219.9 

(Dried  at  70°C) 

10.0 

90.0 

199.9 

15.0 

85.0 

190.0 

Nitrocellulose 

5.0 

95.0 

204.8 

(Water-Wet) 

10.0 

90.0 

210.2 

15.0 

85.0 

204.8 

AA2  Propellant 

5.0 

95.0 

215.1 

10.0 

90.0 

204.8 

15.0 

85.0 

199.9 

20.0 

80.0 

196.3 

25.0 

75.0 

192.2 

30.0 

70.0 

190.0 

Pleasured  according  to  ASTH  D  92-85  standard  procedure. 


3.2.3 


2  Fuel 


The  heat  of  combustion  is  a  measure  of  the  energy  released  when 
1  mol  of  a  substance  is  oxidized  at  constant  pressure  or 
constant  volume.  A  knowledge  of  this  value  is  essential  when 
considering  the  thermal  efficiency  of  equipment  for  producing 
either  heat  or  power. 


The  heat  of  combustion  data  obtained  from  No.  2  fuel  oil  and  the 
propellants  according  to  ASTH  D  240-87  standard  procedure  are 
given  in  Table  3-7.  Several  of  the  heat  of  combustion  data 
points  calculated  for  the  propellant-No.  2  fuel  oil  slurries  are 
used  in  the  economic  analysis  which  follows  in  the  next  section. 
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Table  3-7 .  Heats  of  Combustion3  of  No.  2  Fuel  Oil.  Propellants, 
and  Selected  Propellant-No.  2  Fuel  Oil  Slurries 

Material  Heat  of  Combustion  (Btu/lb) 


Nitrocellulose 

4,308 

Nitroguanidine 

4,016 

AA2  Propellant 

4,354 

No.  2  Fuel  Oil 

18,947 

10%  Nitrocellulose- 
90%  No.  2  Fuel  Oil 

17,483 

15%  Nitroguanidine- 
85%  No.  2  Fuel  Oil 

16,707 

15%  AA2  Propellant- 
85%  No.  2  Fuel  Oil 

16,758 

20%  AA2  Propellant- 

80%  No.  2  Fuel  Oil 

16,029 

aHeats  of  combustion  for  propellants  and  No.  2  fuel  oil  were 
determined  experimentally.  Heats  of  combustion  for  the 
propellant-No.  2  fuel  oil  slurries  were  calculated  from  these 
values . 


3.2.4  Emissions  From  the  Pvrolvsis  of  Propeilant-No.  2  Fuel  Oil 
Slurries 

The  reaction  products  (emissions)  of  propellants  are  dependent 
on  the  pressure  and  temperature,  and  therefore  also  on  the 
confinement  under  which  the  combustion  reaction  proceeds.  The 
knowledge  of  the  reaction  products  of  combustion  processes  is 
important  for  several  reasons: 

A.  To  learn  more  about  the  reaction  kinetics  and  about 
equilibrium  or  non-equilibrium  burning, 

B.  To  study  the  heat  output, 

C.  To  evaluate  the  completeness  of  reactions  and  to  find  out  if 
components  of  the  original  propellant  or  high  explosive  can 
still  be  found  in  the  residue, 

D.  In  connection  with  the  disposal  of  energetic  materials,  it 
is  also  of  interest  if  the  combustion  leads  to  toxic  or 
carcinogenic  reaction  products  that  may  be  emitted  to  the 
atmosphere. 


Propel lant-No.  2  Fuel  Oil  Slurries 
As  Supplemental  Fuels 


3-21 


U.S.  Army 
USATHAHA 


Although  not  specifically  ..ated  as  such  in  the  test  plan  for 
this  project,  a  qualitative  determination  was  made  of  the 
emissions  from  the  nitrocellulose,  nitroguanidine,  and  AA2 
propellant  using  a  solid  probe-mass  spectrometry  (SPMS) 
instrument.  The  SPMS  spectrum  of  each  material  was  obtained  and 
then  compared  and  contrasted  to  information  alreai  available  in 
the  scientific  literature.  The  SPMS  spectra  were  recorded  using 
a  procedure  similar  to  ASTM  D  2650-88  "Standard  Test  Method  for 
Chemical  Composition  of  Gases  by  Mass  Spectrometry."  Specific 
details  of  the  procedure  are  given  in  Section  5. A. A.  The 
emissions  expected  from  various  propellant-No.  2  fuel  oil 
slurries  were  then  calculated  from  the  information  already 
available  in  the  literature.  Although  this  approach  differs 
from  that  outlined  in  the  test  plan,  it  was  approved  by  USATHAMA 
at  the  Interim  Project  Review  meeting  in  February,  1991. 

It  is  important  to  emphasize  the  fact  that  combustion  of  the 
propellant-No.  2  fuel  oil  slurries  will  be  accomplished  at 
temperatures  between  1500°C  to  1700°C.  The  emissions  from 
various  propellant-No.  2  fuel  oil  slurries  given  in  the 
following  sections  serve  only  to  theoretically  characterize 
reaction  products  that  might  result  in  the  event  of  incomplete 
combustion. 

3 . 2 . A . 1  Typical  Emission  From  the  Pvrolvsis  of  Nitrocellulose 

Many  studies  have  been  reported  in  the  literature  regarding  the 
thermal  decomposition  of  nitrocellulose  and  the  analysis  of  the 
emissions  from  this  pyrolysis.  The  emissions  expected  from  the 
pyrolysis  of  nitrocellulose  based  upon  the  literature  are  given 
in  Table  3-8.  The  relevant  literature  references  are  also  given 
in  the  table.  To  summarize,  the  predominant  (i.e.,  >10  percent) 
emissions  observed  from  the  pyrolysis  of  nitrocellulose  were 
NO2,  NO,  CO,  C02>  and  I^O.  Minor  emissions  (i.e.,  5-10  percent) 
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Emissions  Expected  from  the  Pvrolvsis  of 
Nitrocellulose  Based  on  a  Review  of  the 
Scientific  Literature 


Table  3-8 

Major  C >10  %) 

N02,  Refs.  9-11 

NO,  Refs.  9-14,  19 

CO,  Refs.  9,  12-15,  19 

C02,  Refs.  9,  12-14,  19 

H20,  Refs.  9,  12,  15 


Minor  (5-10%) 

Formic  acid, 

HC00H,  Ref.  16 

Formaldehyde , 

HCHO,  Refs.  9,  16,  19 

Glyoxal , 

(HC0)2,  Ref.  16 

N20,  Ref.  19 


Traces  (<5%) 
HCN,  Refs.  16,  19 


N2,  Refs.  12-15 


N20,  Refs.  9,  12,  14 


Acetaldehyde, 
CHoCHO,  Refs.  15, 

17 T  19 

Acetone, 

(H3C)2C0,  Refs.  17, 
19 


Acrolein, 

CH2=CHCH0,  Refs.  17, 
19 

CH^,  Refs.  14,  15 

H2C=CH2,  Ref.  15 

CH3OH ,  Ref.  15 

CH3CH20H,  Ref.  15 

Formamide, 

HC0NH2,  Ref.  18 

H20,  Ref.  19 

CH3CH2CH0,  Ref.  19 
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were  formic  acid,  formaldehyde,  and  glyoxal.  Trace  emissions 
(i.e.,  <5  percent)  were  HCN,  N2,  N2O,  acetaldehyde,  acetone, 
acrolein,  CH^,  H2C=CH2»  methanol,  ethanol,  and  formamide. 

In  a  recent  study  by  Huwei  and  Ruonong  (19),  pyrolysis-gas 
chromatography  was  used  to  study  the  emissions  from 
nitrocellulose.  During  this  analysis,  the  nitrocellulose  was 
pyrolyzed  at  high  temperature  and  high  heating  rate,  and  its 
decomposition  reaction  was  quick  and  complete.  Therefore,  the 
pyrolysis  of  nitrocellulose  during  this  technique  may  simulate 
its  combustion.  At  the  high  temperatures  used  in  this  study,  it 
was  observed  that  NO2  was  changed  into  NO.  Therefore,  the 
predominant  emissions  detected  during  this  analysis  were  CO,  NO, 
and  C02-  Minor  emissions  were  N2O  and  formaldehyde.  Trace 
emissions  were  HCN,  H2O,  CH3CHO,  CH3CH2CHO,  CH3COCH3,  and 

ch2=chcho. 

A  number  of  studies  on  the  mechanism  of  the  thermal 
decomposition  of  nitrate  esters  (e.g.,  nitrocellulose, 
nitroglycerin,  and  nitroguanidine)  have  verified  that  the 
decomposition  proceeds  with  homolytic  cleavage  of  nitrate  ester 
groups  (RO-NO2)  via  an  autocatalytic-type  reaction.  The 
autocatalytic-type  reaction  is  believed  to  proceed  by  a 
complicated  series  of  consecutive  radical  reactions. 

Kimura  (20,21)  and  Kubota  (22)  have  shown  that,  for  example, 
nitrocellulose  initially  decomposes  by  rupture  of  one  of  the 
RO-NO2  bonds,  since  they  are  the  weakest  chemical  bonds  present, 
to  form  oxidizers  (NO2)  and  alkoxy  radicals  (R01).  Apparently, 
the  decomposition  process  occurs  in  the  condensed  phase  or  at 
least  at  the  burning  surface.  The  generated  NO2  oxidizes  R0»  to 
form  peroxy  radicals  (R00*)  and  nitrogen  oxide  (NO).  Finally, 
the  last  stage  is  the  exothermic  oxidation  of  the  organic 
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molecules  by  NO  giving  N2,  C02,  CO,  H20,  etc.  (22).  Fifer  (23) 
has  published  an  excellent  review  of  the  chemistry  of  the 
decomposition  of  nitrate  ester  and  nitramine  propellants. 

The  SPMS  spectrum  obtained  from  the  thermal  decomposition  of 
nitrocellulose  taken  over  the  temperature  range  from  40°C  to 
220°C  at  10°C/min  is  shown  in  Figure  3-9.  As  was  pointed  out  in 
the  above  discussion,  the  emissions  from  the  pyrolysis  of 
nitrocellulose  are  dependent  both  on  the  temperature  and  the 
pressure  at  which  the  pyrolysis  takes  place.  As  a  further 
example,  DeHaan  (24)  has  pointed  out  that  since  nitrocellulose 
functions  as  a  propellant  by  generating  large  quantities  of 
gases  while  undergoing  an  explosive  burning  process,  its  true 
behavior  is  pressure  dependent.  In  most  cases,  one  must  be 
content  with  evaluating  a  propellant's  behavior  at  atmospheric 
pressure. 

The  explosive  burning  process  mentioned  above  begins  as  a  normal 
combustion  when  the  temperature  reaches  170°C  to  180°C.  Heat 
generated  by  the  combustion  of  the  first  "layers"  accelerates 
the  combustion  of  succeeding  portions  of  the  sample.  The 
pressure  generated  by  the  production  of  N02,  CO,  H2,  and  H20 
vapor  causes  the  reaction  to  proceed  faster  and  faster.  The 
progressive  burning  feature  of  nitrocellulose  makes  the  geometry 
of  the  individual  sample  very  important  to  the  behavior  of  the 
propellant  as  a  whole. 

Therefore,  based  upon  the  considerations  discussed  above,  the 
only  conclusion  that  can  be  drawn  from  the  fact  that  the  SPMS 
spectrum  shown  in  Figure  3-9  indicates  H20  (mass  18),  HCHO  and 
NO  (mass  30),  and  N20  and  C02  (mass  44)  as  major  peaks  is  that 
these  are  the  pyrolysis  products  at  220°C  and  the  pressure 
within  the  SPMS  capillary  analysis  tube.  For  the  purposes  of 
identifying  and  quantifying  the  major  emissions  that  may  result 
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Figure  3-9.  The  SPMS  Spectrum  of  Nitrocellulose  From  40°C  to  220°C  at 
10°C/Minute . 


from  the  incomplete  combustion  of  various  nitrocellulose-No.  2 
fuel  oil  slurries,  we  will  rely  on  the  distribution  of  reaction 
products  from  the  pyrolysis  of  a  single-base  propellant  (A 
5020),  published  by  Volk  (25).  The  emissions  obtained  from  the 
pyrolysis  of  this  propellant  were  as  follows:  H2  (18.4 
percent),  CH^  (0.1  percent),  CO2  (12.6  percent),  N2  (10.1 
percent),  H2O  (15.2  percent),  and  NH3  (0.85  percent).  HCN  and 
NO  gases  were  not  found.  Quantification  of  the  emissions 
expected  from  a  7.5  percent  by  weight  nitrocellulose-No.  2  fuel 
oil  slurry  is  presented  in  section  3. 2.4.4. 

Typical  Emissions  from  the  Pvrolvsis  of  Nitroguanidine 

Nitroguanidine  is  one  of  the  main  components  of  triple-base 
propellant  and  can  form  large  amounts  of  combustion  gases  and 
NH3  when  burning.  Since  NH3  gas  can  react  with  NO2,  it  may 
consume  a  large  amount  of  the  NO2  produced  during  the 
decomposition  of  nitrate  and  connected  with  an  autocatalytic 
decomposition  of  the  propellant  (26). 

In  a  study  by  Volk  (27),  the  following  gaseous  reaction  products 
were  analyzed  by  mass  spectrometry:  NH3,  N2O,  C02»  N2,  NO,  NO2, 
and  HCN.  Temperatures  in  the  range  of  180°C-240°C  were  used 
during  the  decomposition  stage  of  the  analysis.  In  the  gas 
mixture  evolved,  N2O  and  NH3  were  the  main  products.  The 
composition  of  the  decomposition  gases  was  found  to  vary  widely 
as  a  function  of  temperature.  At  the  beginning  of  the 
decomposition  process  at  180°C,  NH3  was  the  main  product. 
However,  at  higher  temperatures  or  with  extended  decomposition 
time,  the  formation  of  N2O  was  found  to  increase.  For  example, 
at  220°C  the  formation  rate  of  N2O  was  found  to  exceed  that  of 
NH3  by  3  to  1.  At  240°C,  the  approximate  composition  of  the 
emissions  from  the  particular  nitroguanidine  sample  used  the 
this  study  were:  23  percent  NH3,  66  percent  N2O,  5  percent  CC>2» 
and  a  combined  total  of  6  percent  of  the  gases  N2,  NO,  and  HCN. 
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The  SPMS  spectrum  obtained  from  the  thermal  decomposition  of 
nitroguanidine  from  50°C  to  220*0  at  20°C/min  for  23  minutes  is 
shown  in  Figure  3-10.  As  was  pointed  out  in  the  above 
discussion,  the  emissions  from  the  pyrolysis  of  nitroguanidine 
are  dependent  on  the  temperature  at  which  the  pyrolysis  takes 
place.  Therefore,  the  only  conclusion  that  can  be  drawn  from 
the  fact  that  the  SPMS  spectrum  shown  in  Figure  3-10  indicates 
HoO  (mass  18),  NO  (mass  30),  I^N-CN  (mass  42),  and  ^0  and  CO2 
(mass  44)  as  major  peaks  is  that  these  are  some  of  the  pyrolysis 
products  at  220°C  and  the  pressure  within  the  SPMS  capillary 
analysis  tube.  For  the  purposes  of  quantifying  the  major 
emissions  expected  from  the  pyrolysis  of  10  and  15  percent  by 
weight  nitroguanidine-No.  2  fuel  oil  slurries  (section  3. 2. 4. 4), 
the  information  published  by  Volk  (27)  will  be  used. 

3 . 2 . 4 . 3  Typical  Emissions  from  the  Pvrolvsis  of  Double-Base  Propellants 

While  the  literature  does  not  contain  any  references  which 
specifically  describe  the  emissions  from  the  pyrolysis  of  the 
AA2  propellant  used  in  this  study,  there  are  several  references 
which  deal  with  other,  similar  types  of  double-base 
propellant  (25,28-30).  For  example,  Volk  (25)  has  described  the 
reaction  products  from  the  thermal  decomposition  of  the 
double-base  propellant  H  518,  which  contains  a  high  amount  of 
nitroglycerin.  The  reaction  products  of  this  propellant  were  as 
follows:  H2  (10.2  percent),  CO  (28.5  percent),  CO2  (22.3 
percent),  N2  (14.4  percent),  NO  (0.09  percent),  HCN  (0.03 
percent),  and  H2O  (24.4  percent). 

The  SPMS  spectrum  of  the  AA2  propellant  is  given  in 
Figure  3-11.  Some  of  the  major  peaks  identified  in  this 
spectrum  are  1^0  (mass  18),  NO  and  HCHO  (mass  30),  as  well  as 
N2O  and  CO2  (mass  44).  Using  the  gaseous  product  distribution 
published  by  Volk  (25),  the  calculated  emissions  from  the 
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Figure  3-10.  The  SPMS  Spectrum  of  Nitroguanidine  From  50°C  to  250°C  at 
20°C/Minute  for  23  Minutes. 


INTENSITY 
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pyrolysis  of  10  and  20  percent  by  weight  AA2  propellant-No.  2 
fuel  oil  slurries  are  given  in  the  following  section. 

3. 2. 4. 4  Estimate  of  Emissions  to  be  Expected  From  Burning  Propellant- 
No.  2  Fuel  Oil  Slurries  as  Supplemental  Fuels 

In  the  USATHAMA  document  entitled  "Pilot  Test  to  Determine  the 
Feasibility  of  Using  Explosives  as  Supplemental  Fuel  at 
Hawthorne  Army  Ammunition  Plant  (HWAAP)  Hawthorne,  Nevada"  it  is 
noted  that  0£»  CO2,  CO,  explosives,  lead  oxides,  N0X, 
particulates,  and  moisture  content  will  be  monitored  in  the 
emissions  from  the  process.  It  is  assumed  that  a  similar 
monitoring  program  would  be  implemented  if  propellant-No.  2  fuel 
oil  slurries  were  burned  in  a  similar  pilot  plant. 

The  average  formula  for  No.  2  fuel  oil  may  be  given  as 
C7  190**12  619*  Assuming  complete  combustion  of  the  No.  2  fuel 
oil  to  CO2  and  H2O,  we  estimate  that  3.16  pounds  of  CO2  and  1.15 
pounds  of  H2O  will  be  released  from  burning  one  pound  of  No.  2 
fuel  oil.  These  values  form  the  basis  for  calculating  the 
emissions  that  may  result  from  the  incomplete  combustion  of 
various  propellant-No.  2  fuel  oil  slurries. 

Starting  with  a  10  percent  by  weight  nitroguanidine-No.  2  fuel 
oil  slurry  and  using  the  emissions  data  published  by  Volk  (27) 
(i.e.,  23  percent  NH3,  66  percent  N2O,  5  percent  CO2,  and  6 
percent  total  of  N2,  NO,  and  HCN),  we  estimate  that  2.845  pounds 
of  CO2,  1.040  pounds  of  H2O,  0.023  pounds  of  NH3,  0.066  pounds 
of  N2O,  and  0.006  pounds  combined  of  N2,  NO,  and  HCN  may  be 
emitted  from  one  pound  of  combusted  slurry.  For  the  combustion 
of  one  pound  of  a  15  percent  by  weight  nitroguanidine-No.  2  fuel 
oil  slurry,  the  distribution  of  emissions  may  be  as  follows: 
2.694  pounds  CO2,  0.978  pounds  H2O,  0.035  pounds  NH3,  0.099 
pounds  N2O,  and  0.009  pounds  combined  of  N2,  NO,  and  HCN. 
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Continuing  with  a  10  percent  by  weight  M2  propellant-No.  2  fuel 
oil  slurry  and  using  the  emissions  data  published  by  Volk  (25) 
for  H  518  double-base  propellant  (i.e.,  10.2  percent  H2,  28.5 
percent  CO,  22.3  percent  C02,  14.4  percent  N2,  0.09  percent  NO, 
0.03  percent  HCN,  and  24.4  percent  H20),  we  estimate  that  2.866 
pounds  of  C02,  1.064  pounds  of  H20,  0.010  pounds  of  H2,  0.029 
pounds  of  CO,  0.014  pounds  of  N2,  <0.001  pounds  of  NO,  and 
<0.001  pounds  of  HCN  may  be  emitted  from  one  pound  of  combusted 
slurry.  For  a  20  percent  by  weight  M2  propellant-No.  2  fuel 
oil  slurry,  the  distribution  of  emissions  expected  from  the 
combustion  of  one  pound  of  this  supplemental  fuel  may  be  as 
follows:  2.528  pounds  C02,  0.969  pounds  H20,  0.020  pounds  H2, 
0.057  pounds  CO,  0.029  pounds  N2,  <0.001  pounds  NO,  and  <0.001 
pounds  HCN. 

Finally,  for  a  7.5  percent  by  weight  nitrocellulose 
(dried)-No.  2  fuel  oil  slurry,  using  the  emissions  data 
published  by  Volk  (25)  for  single-base  gun  propellant  A  5020 
(i.e.,  18.4  percent  H2,  0.1  percent  CH^,  12.6  percent  C02,  10.1 
percent  N2,  15.2  percent  H20,  and  0.85  percent  NH3),  we  estimate 
that  2.932  pounds  of  C02,  1.075  pounds  of  H20,  0.014  pounds  of 
H2,  0.008  pounds  of  N2,  <0.001  pounds  of  CH^,  and  <0.001  pounds 
of  NH3  may  be  emitted  from  the  combustion  of  one  pound  of  this 
supplemental  fuel. 

However,  in  conclusion,  it  must  be  kept  in  mind  that  these 
estimates  for  the  emissions  that  may  result  from  the  pyrolysis 
of  each  propellant-No.  2  fuel  oil  slurry  are  based  entirely  upon 
the  best  information  available  from  the  scientific  literature. 

The  relevance  of  these  estimates  to  the  actual  combustion 
process  at  1500°C-1700°C  will  only  come  when  the 
propellant-No.  2  fuel  oil  slurries  are  burned  in  a  pilot  plant, 
and  the  emissions  from  this  combustion  are  measured  at  that  time. 
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3.3 


Chemical  Compatibility  of  Prooellant-No.  2  Fuel  Oil  Slurries 


The  third  and  final  series  of  laboratory  tests  in  this  project 
were  conducted  to  determine  the  chemical  compatibility  of  each 
propellant  dispersed  in  No.  2  fuel  oil.  The  chemical 
compatibility  of  the  resulting  slurries  was  evaluated  using  a 
thermal  analysis  technique,  differential  scanning  calorimetry. 
The  propagation  of  reaction  tests  on  the  propellant-No.  2  fuel 
oil  slurries  are  currently  being  performed  by  Hercules,  Inc., 
Rocket  Center,  West  Virginia.  The  results  from  these  tests,  as 
well  as  from  a  preliminary  safety  analysis  of  the  process  of 
using  propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels, 
will  be  published  separately. 

3.3.1  Differential  Scanning  Calorimetry  (DSC) 

3. 3. 1.1  General 

The  thermal  decomposition  of  nitrocellulose  has  been  studied  for 
many  years  (31).  Wolfrom  et  al.  (32),  analyzed  the 
decomposition  products  from  nitrocellulose  by  assuming  that  the 
thermally  initiated  rupture  of  the  cellulose  nitrate  molecule 
yielded  a  series  of  volatile  species  whose  relative  importance 
was  inversely  proportional  to  the  pressure  of  the  system. 

Later,  using  spectroscopic  and  gravimetric  techniques,  Phillips 
et  al.  (33),  showed  that  the  thermal  decomposition  of 
nitrocellulose  follows,  in  first  approximation,  first-order 
kinetics  with  two  or  three  branches,  suggesting  that  a  more 
complex  reaction  process  than  a  simple  first-order  one  might 
occur. 

More  recently,  Pfeil  and  Eisenreich  (3A)  studied  the  thermal 
decomposition  of  nitrocellulose  by  thermogravimetic  analysis, 
differential  thermal  analysis,  and  infrared  and  Raman 
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spectroscopies.  Their  results  revealed  the  presence  of  an 
initial  autocatalytic  decomposition  of  nitrate  groups  and  an 
increase  in  carbonyl  and  hydroxyl  groups  up  to  a  weight  loss  of 
55  percent.  Further  decomposition  turned  out  to  be  a 
second-order  reaction,  terminating  in  a  charcoal-like  residue. 

Lemieux  and  Prud'homme  (35)  used  a  DSC  apparatus  to  compare  the 
heats  of  decomposition  of  seven  nitrocellulose  samples,  derived 
from  wood  and  cotton,  with  various  nitrogen  contents  ranging 
from  12.6  percent  to  13.5  percent.  They  observed  that  the 
average  heat  of  decomposition  of  nitrocellulose  samples 
increased  slightly  with  nitrogen  content,  the  values  ranging 
between  1711  and  2050  J  g-1. 

The  thermal  decomposition  of  propellants  can  also  be 
conveniently  analyzed  using  DSC.  Singh  and  Rao  (36)  have  used 
DSC  methods  to  study  the  role  of  lead  salts  of  organic  acids  in 
the  combustion  of  double-base  rocket  propellants.  Lead  salts 
affect  the  reactions  taking  place  in  one  or  more  of  four 
distinct  reaction  zones  that  occur  during  the  steady  state 
burning  of  double  base  propellant,  namely,  the  foam,  fizz,  dark, 
and  luminous  zones. 

As  another  example.  House  et  al.  (37),  used  DSC  to  compare  the 
decomposition  of  twelve  commercial  nitrocellulose-containing 
propellants.  Curiously,  these  researchers  observed  two 
different  decomposition  pathways  for  the  same  propellant,  even 
though  each  DSC  experiment  was  run  in  the  same  fashion.  The 
first  decomposition  pattern  may  be  represented  by  the  following: 

Propellant  =  volatile  products  +  12-16  percent  residue  (1) 
while  the  second  decomposition  pattern  is  represented  by 

Propellant  =  volatile  products  +  2-5  percent  residue  (2) 
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The  results  obtained  by  House  et  al.,  indicated  that  there  was 
no  significant  difference  between  the  heats  of  decomposition  of 
most  propellants  investigated  which  decompose  according  to 
Equation  1.  However,  for  some  propellants,  decomposition  could 
take  place  by  Equation  1  or  2  with  about  equal  frequency. 

3. 3. 1.2  Results  and  Discussion-Prooellants 

The  DSC  curve  obtained  from  the  decomposition  of  the  dried 
nitrocellulose  sample  at  a  heating  rate  of  20°C/min  is  given  in 
Figure  3-12.  A  Perkin-Elmer  DSC-7  instrument  was  used  to  obtain 
all  the  DSC  curves  shown  in  this  section  of  the  report  at  a 
heating  rate  of  20°C  according  to  ASTIi  E  537-86  standard 
procedure.  Figure  3-12  shows  that  the  exothermic  decomposition 
peak  is  asymmetric  with  decomposition  starting  at  about  205°C 
and  finishing  at  about  247°C,  with  the  peak  maximum  located  at 
219.A6°C.  These  values  are  identical  to  those  reported  by 
Eisenreich  and  Pfeil  (38)  for  the  decomposition  of  pure 
nitrocellulose  as  monitored  by  DSC  at  a  heating  rate  of  20°C. 

The  DSC  curve  obtained  from  the  decomposition  of  nitroguanidine 
is  shown  in  Figure  3-13.  The  exothermic  decomposition  peak  is 
asymmetric  with  decomposition  starting  at  about  269°C  and  ending 
at  about  299°C,  with  the  peak  maximum  located  at  279-A4°C- 
These  values  compare  favorably  with  those  previously  reported  by 
Rogers  (39). 

The  DSC  curve  obtained  from  the  decomposition  of  the  AA2 
propellant  is  shown  in  Figure  3-1A.  The  exothermic 
decomposition  peak  is  asymmetric  with  decomposition  starting  at 
about  1S0°C  and  ending  at  about  258°C,  with  the  peak  maximum 
located  at  20S.71°C.  These  values  may  be  compared  with  those 
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Peak  from:  205.00 
to:  246.50 
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Figure  3-13.  The  Differential  Scanning  Calorimetry  Curve  for  the  Decomposition  of 
Nitroguanidine . 


AA1  PROPELLANT 


obtained  by  De  Schor  and  Toni  (40)  for  a  typical  double-base 
propellant  (containing  nitrocellulose,  nitroglycerin, 
stabilizers,  plasticizers,  and  lead  salt)  where  the 
decomposition  reaction  started  at  about  157°C  and  ended  at  about 
261°C,  with  the  peak  maximum  located  at  207°C.  The  differences 
in  the  initial  and  final  decomposition  temperatures  between  the 
two  propellants  is  the  slightly  different  heating  rates  used  in 
this  study  (20°C/min)  compared  with  that  used  in  the  study 
published  by  De  Schor  and  Toni  (16°C/min). 

3. 3. 1.3  Results  and  Discussion-Propellant  Slurries 

The  DSC  curve  obtained  from  the  decomposition  of  a 
representative  nitrocellulose  (dried)-No.  2  fuel  oil  slurry  is 
given  in  Figure  3-15.  A  Perkin-Elmer  DSC-7  instrument  was  used 
to  obtain  all  the  DSC  curves  shown  in  this  section  of  the  report 
at  a  heating  rate  of  20°C/min  according  to  ASTM  E  537-86 
standard  procedure.  Figure  3-15  shows  that  the  exothermic 
decomposition  peak  is  much  sharper  than  that  shown  in  Figure 
3-12  for  nitrocellulose,  with  decomposition  starting  at  about 
208°C  and  finishing  at  about  232°C,  with  the  peak  maximum 
located  at  213.59°C.  The  peak  maximum  for  the  nitrocellulose 
(dried)-No.  2  fuel  oil  slurry  is  6°C  lower  than  that  obtained 
from  nitrocellulose.  The  DSC  curve  obtained  from  the 
decomposition  of  a  representative  nitrocellulose  (water-wet)- 
No.  2  fuel  oil  slurry  is  shown  in  Figure  3-16.  In  this  case, 
the  peak  maximum  occurs  at  215.01°C,  which  is  only  about  4°C 
lower  than  that  obtained  from  nitrocellulose. 

The  DSC  curve  obtained  from  the  decomposition  of  a 
representative  nitroguanidine-No.  2  fuel  oil  slurry  is  shown  in 
Figure  3-17.  Figure  3-17  shows  that  the  exothermic 
decomposition  peak  has  shifted  to  a  peak  maximum  of  266.33°C, 
with  decomposition  starting  a^  ;ut  260°C  and  ending  at 
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NITROCELLULOSE  FUELOIL  5 %  DRY 
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Figure  3-15.  The  Differential  Scanning  Calorimetry  Curve  for  the  Decomposition  of 
a  Nitrocellulose  (Dried)-No.  2  Fuel  Oil  Slurry. 
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Figure  3-16.  The  Differential  Scanning  Calorimetry  Curve  for  the  Decomposition  of 
a  Nitrocellulose  (Water-Wet)  No.  2  Fuel  Oil  Slurry. 
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Figure  3-17.  The  Differential  Scanning  Calorimetmry  Curve  for  the  Decomposition  of 
a  Nitroguanidine— No .  2  Fuel  Oil  Slurry. 


about  285°C.  As  was  the  case  with  the  nitrocellulose-No.  2  fuel 
oil  slurries,  the  peak  maximum  for  the  nitroguanidine-No.  2  fuel 
oil  slurry  is  less  than  that  for  nitroguanidine  alone;  however, 
in  this  case  the  difference  is  much  more  significant  at  about 
13°C. 

The  DSC  curve  obtained  from  the  decomposition  of  a 
representative  AA2  propellant-No.  2  fuel  oil  slurry  is  shown  in 
Figure  3-18.  Figure  3-18  shows  that  the  exothermic 
decomposition  peak  has  shifted  to  a  peak  maximum  of  224.08°C, 
with  decomposition  starting  at  about  205°C  and  finishing  at 
about  242°C.  However,  in  contrast  to  the  results  obtained  from 
DSC  analysis  of  the  nitrocellulose-  and  nitroguanidine-No.  2 
fuel  oil  slurries,  the  peak  maximum  from  the  decomposition  of 
the  AA2  propellant-No.  2  fuel  oil  slurry  has  increased  by  about 
16°C  compared  to  the  peak  maximum  from  the  decomposition  of  AA2 
propellant  alone. 
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IV.  ECONOMIC  ANALYSIS 


4.1  Propellant-No.  2  Fuel  Oil  Slurries 

An  economic  analysis  of  various  propellant-No.  2  fuel  oil 
slurries  was  performed  in  this  phase  of  the  project.  This 
analysis  emphasizes  the  costs  of  the  propellant-No.  2  fuel  oil 
slurries  as  well  as  the  amounts  of  the  propellants  that  could  be 
dispersed  in  the  slurries.  The  approach  used  to  analyze  the 
economics  of  propellant-supplemented  fuels  was  to  compare  them 
to  the  current  application  in  which  they  would  be  used,  namely, 
industrial  combustors.  The  economic  analysis  is  broken  down 
into  three  areas,  raw  materials,  capital  costs  and  labor  costs. 

4.1.1  Fuel  Costs 

A  general  process  flow  diagram  for  burning  propellant-No.  2  fuel 
oil  slurries  as  supplemental  fuels  in  an  industrial  combustor  is 
shown  in  Figure  4-1. 

For  the  production  of  steam  in  an  industrial  combustor,  the  raw 
materials  will  be  fuel  and  water.  For  the  comparison  of 
supplemented  to  non-supplemented  fuels,  the  water  requirements 
and  the  electricity  are  assumed  to  be  the  equal.  A  20  MM  Btu/hr 
industrial  combustor  operating  6570  hours  per  year  (75  percent 
operational)  fired  with  No.  2  fuel  oil  will  be  used  to  provide  a 
baseline  case  for  further  comparison  with  supplemented  fuels. 

The  combustor  is  assumed  to  be  80  percent  efficient  for  both  the 
supplemented  and  the  non-supplemented  fuel.  The  physical 
properties  and  costs  for  the  No.  2  fuel  oil  and  propellants  used 
in  this  economic  analysis  are  shown  in  Table  4-1.  The  baseline 
fuel  cost  is  $856,812  per  year  from  the  following  calculation: 
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Table  4-1.  Physical  Properties  and  Cost  of  No.  2  Fuel  Oil  and 
Propellants  Used  in  the  Economic  Calculations 


No.  2  Fuel  Oil 
Heat  of  Combustion 
Density 
Cost 

Nitrocellulose 
Heat  of  Combustion 
Density 

Nitroeuanidine 
Heat  of  Combustion 
Density 

AA2  Propellant 
Heat  of  Combustion 
Density 


18947  Btu/lb 
7.31  Ib/gal 
$0. 7225/gal 


4308  Btu/lb 
11.68  Ib/gal 


4016  Btu/lb 
13.44  lb/gal  -liquid 
15.63  Ib/gal  -dry 


4354  Btu/lb 
13.69  lb/gal  -liquid 
16.02  lb/gal  -dry 


2*10^  Btu/hr  *  6570  hrs/yr  *  1  lb  No.  2  fuel/18947  Btu  * 

1  gal  No.  2  fuel/7.31  lb  No.  2  fuel  *  $0. 7225/gal  No.  2  fuel 
*  1/0.8  (efficiency  factor)  =  $856,812/yr 

A  No.  2  fuel  oil  supplemented  with  nitrocellulose  will  now  be 
compared  to  the  baseline.  Consider  a  fuel  with  a  composition  of 
90  percent  by  weight  No.  2  fuel  oil  and  10  percent  by  weight 
nitrocellulose  (dried).  This  supplemented  fuel  was  selected  for 
study  because  the  viscosity  of  a  10  percent  by  weight 
nitrocellulose-No.  2  fuel  oil  slurry  is  just  below  the  maximum 
value  capable  of  being  fed  to  a  conventional,  unmodified  oil 
burner  (see  section  3.1.6).  The  cost  of  one  pound  of  this 
supplemented  fuel  is  $0,089  from  the  following  calculation: 

0.90  *  $0. 7225/gal  No.  2  fuel  oil  *  1  gal/7.31  lb  No.  2  fuel 
oil  =  $0. 089/lb  supplemented  fuel 
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The  heating  value  of  the  supplemented  fuel  is  17483  Btu/lb  from 
the  following  calculation: 

(0.90  *  18947)  +  (0.10  *  4308)  Btu/lb  =  17483  Btu/lb 
supplemented  fuel 

In  the  above  estimate  the  heats  of  solution  are  assumed  to  be 
negligible. 

Using  the  two  estimates  given  above,  the  yearly  fuel  cost  for 
operating  the  same  20  MM  Btu/hr  combustor  as  in  the  baseline 
case  with  the  10  percent  by  weight  nitrocellulose-No.  2  fuel  oil 
supplemented  fuel  can  be  calculated.  The  following  calculation 
yields  a  yearly  supplemented  fuel  cost  of  $836,141  per  year. 

2*10^  Btu/hr  *  6570  hrs/yr  *  1  lb  supplemented  fuel/17483 
Btu  *  $0. 089/lb  supplemented  fuel  *  1/0.8  (efficiency  factor) 

=  $836,141/yr 

Therefore,  the  vearlv  fuel  cost  differential  of  operating  the 
baseline  combustor  with  the  10  percent  by  weight 
nitrocellulose-No.  2  fuel  oil  supplemented  fuel  is: 

(836,141  -  856,812)  $/yr  =  -  20,671  $/yr 

Figure  4-2  shows  that  the  cost  differential  is  not  dependent  on 
No.  2  fuel  oil  prices  since  there  is  zero  cost  associated  with 
the  nitrocellulose. 

4.1.2  CaBitai_Cost 

The  capital  cost  estimate  will  assume  that  the  existing 
combustor  will  be  used  with  the  supplemented  fuel  without 
retrofit.  This  yields  a  zero  cost  for  the  baseline  case.  The 
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Yearly  Fuel  Cost  to  Operate  a  20  MM 
Btu/hr  Industrial  Boiler  -80%  efficiency 

Yearly  Fuel  Cost  ($  thousands) 


Figure  4-2.  Yearly  Fuel  Cost  to  Bum  Nitrocellulose-No.  2  Fuel  Oil 
Mixture  at  Various  Fuel  Oil  Prices. 


major  additional  equipment  required  to  burn  the  supplemented 
fuel  is  found  in  the  feed  system.  The  daily  volume  of 
supplemented  fuel  required  for  operating  the  20  MM  Btu/hr 
combustor  is  3500  gallons.  Therefore,  a  5000-gallon  feed  system 
is  specified  for  operations.  The  major  equipment  and  estimated 
costs  for  the  process  are  given  in  Table  4-2  If  the  final 
capital  cost  of  $947,400  is  considered  over  a  2,0  year  period  at 
0  percent  interest,  the  yearly  capital  cost  expenditure  is 
$47,370. 

Table  4-2.  Capital  Cost  Estimate  for  a  5000  Gallon  Feed  System 
Major  Equipment  Costs 


Item 

Capacity 

CasL>_$ 

Feed  tank 

5000  gal,  SS 

64,200 

Mix  tank 

500  gal,  SS 

10,000 

Propellant  Storage  Tank 

2250  gal,  SS 

47,900 

Grinder 

20  hp 

15,000 

Agitator 

15  bp 

5,000 

Pumps  (3) 

15  gpm 

9,0C0 

Total  151,100 

Langs  factor  for  solid-fluid  processing  plant  fixed  capital  is 
4.18(3).  A  factor  of  1.5  is  applied  to  the  capital  cost  as  an 
estimate  to  account  for  propellant  requirements  not  included  in 
equipment  estimates. 

Capital  Cost  Estimate  =  $151,000  *  4.18  *  1.5  =  $947,400 
4.1.3  Labor  Cost 

The  labor  cost  estimate  will  assume  that  a  2  man  operation  can 
prepare  the  supplemental  fuel.  A  supervisor  is  included  at  one 
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quarter  of  the  work  time.  Table  4-3  shows  the  details  of  the 
labor  cost  estimate,  which  totals  $105,000  per  year. 


Table  4-3.  Labor  Cost  Estimate  for  Burning  Propellant-No .  2 
Fuel  Oil  Slurries 


2  operators  (@  $25,000/yr)  $50,000 

1  supervisor  (@  $40,000/yr)  *  0.25  $10,000 

Subtotal  $60,000 

Overhead  (@  75  percent  labor  rate)  $45,000 


Labor  Total  $105,000/yr 


4.1.4  Overall  Cost  Comparison 

The  additional  cost  to  operate  the  supplemental  fuel  fired 
combustor  is  calculated  as  $131,699  per  year.  This  cost  is 
based  on  the  sum  of  the  yearly  fuel  cost  differential,  capital 
cost,  and  labor  cost. 

(-20,671)  +  47,370  +  105,000  $/yr  =  $131,699/yr 

The  amount  of  nitrocellulose  consumed  per  year  by  burning  a  10 
percent  by  weight  nitrocellulose-No.  2  fuel  oil  slurry  as  a 
supplemental  fuel  is  calculated  as  751,583  pounds.  This  results 
in  a  total  cost  for  nitrocellulose  destruction  of  $0.1752  per 
pound  or  $350/ton. 

The  results  of  identical  calculations  for  various  weight 
percentages  of  nitrocellulose-,  nitroguanidine-,  and  AA2 
propellant-No .  2  fuel  oil  supplemental  fuels  are  shown  in  Table 
4-4. 
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Table  4-4.  Cost  of  DisDOsal 

for  Various  Prooellant-No.  2  Fuel 

Oil 

Slurries  in  a. 

20  MM  Btu/hr 

Industrial 

Combustor 

Amount  of 
propellant 
(weieht  %) 

Heating 

Value 

(Btu/lb) 

Additional 
Fuel  Cost 
_($/vr) 

Propellant 

Consumed 

(Tons/vr) 

Cost  of 

disposal 

(S/ton) 

No.  2  Fuel  Oil  0.0 

18947 

— 

— 

Nitrocellulose  5.0 

18215 

142282 

180 

790 

7.5 

17849 

136639 

276 

495 

10.0 

17483 

131699 

376 

350 

Nitroguanidine  5.0 

18201 

142933 

181 

790 

10.0 

17454 

133088 

376 

354 

12.5 

17081 

127145 

481 

264 

15.0 

16707 

121380 

590 

206 

AA2  Propellant  10.0 

17488 

131460 

376 

350 

15.0 

16758 

115366 

588 

202 

20.0 

16029 

106100 

820 

129 

The  current  cost  of  disposal  for  propellants  by  open 
burning/open  detonation  (OB/OD)  ranges  from  approximately 
$300/ton  to  $813/ton  of  propellant.  The  cost  per  ton  of 
incinerating  these  propellants  is  estimated  at  $2,800.  Using 
the  data  summarized  in  Table  4-4,  a  comparison  of  the  cost  for 
destruction  by  OB/OD  versus  using  10  percent  by  weight 
nitrocellulose-,  nitroguanidine-,  or  AA2  propellant-No.  2  fuel 
oil  slurries  as  supplemental  fuels  indicates  that  OB/OD  and 
incineration  are  significantly  higher  in  cost  in  each  case. 

This  concentration  for  the  nitrocellulose-No .  2  fuel  oil  slurry 
is  the  highest  that  could  be  handled  even  by  a  modified  oil 
burner,  i.e.,  the  viscosities  of  nitrocellulose-No.  2  fuel  oil 
slurries  increase  dramatically  as  the  concentration  of 
nitrocellulose  in  the  No.  2  fuel  oil  increases  above  10  percent 
by  weight. 
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However,  as  noted  in  section  3.1.6,  the  situation  is  different 
for  the  nitroguanidine-  and  AA2  propellant-No.  2  fuel  oil 
slurries.  If  an  oil  burner  could  be  identified  that  could  burn 
a  supplemental  fuel  with,  for  example,  a  viscosity  double  that 
allowed  in  an  unmodified  burner,  then  viscosity  data  indicate 
that  12.5  or  15  percent  by  weight  nitroguanidine-No.  2  fuel  oil 
slurries  could  be  burned  as  supplemental  fuels.  As  Table  4-4 
shows,  the  costs  for  burning  12.5  and  15  percent  by  weight 
nitroguanidine-No.  2  fuel  oil  slurries  as  supplemental  fuels  are 
$264/ton  and  $206/ton,  respectively.  Obviously,  these  figures 
are  less  than  the  current  approximate  costs  given  earlier  for 
disposal  of  propellants  via  OB/OD  or  incineration. 

Similarly,  if  an  oil  burner  could  be  modified  to  allow  a 
supplemental  fuel  with,  for  example,  a  viscosity  double  that 
allowed  in  an  unmodified  burner,  then  viscosity  data  indicate 
that  AA2  propellant-No.  2  fuel  oil  slurries  containing  up  to  20 
percent  by  weight  propellant  could  conceivably  be  burned  as 
supplemental  fuels.  Once  again,  as  Table  4-4  shows,  the  costs 
for  burning  15  and  20  percent  by  weight  AA2  propellant-No.  2 
fuel  oil  slurries  as  supplemental  fuels  are  $202/ton  and 
$12?/ ton,  respectively.  These  figures  obviously  represent  a 
significant  cost  savings  compared  to  disposal  via  OB/OD  or 
incineration  and  may  represent  enough  savings  to  justify 
retrofit  of  combustors  with  burners  capable  of  burning  viscous 
slurries . 

Finally,  Figure  4-3  shows  that  the  disposal  costs  associated 
with  combustor  destruction  do  not  fluctuate  significantly  with 
changing  fuel  prices.  As  discussed  in  Section  6,  the 
environmental  issues  associated  with  OB/OD  may  increase  the 
upper  limit  of  $813/ton  cost  for  this  disposal  method  in  the 
near  future. 
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Cost/ ton  of  NC  Destroyed  in  20  MM  Btu/hr 
With  Change  in  Fuel  Oil  Cost 
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7.5 %  Nitrocellulose  10%  Nitrocellulose 


V.  EXPERIMENTAL  PROCEDURES 


5.1  General 

The  following  sections  describe  the  test  plan,  selection  of  test 
materials,  preparation  of  propellant-No.  2  fuel  oil  slurries, 
and  the  test  methodologies  to  determine  the  physical  and 
chemical  characteristics,  as  well  as  the  chemical  compatibility, 
of  these  slurries. 

5.2  Overall  Test  Plan  and  Procedures 

Propellants  that  require  disposal  by  the  U.S.  Army  primarily 
consist  of  single-,  double,  and  triple-base  propellants.  For  a 
single-base  propellant,  85-98  percent  of  the  composition 
consists  of  nitrocellulose;  for  a  double-base  propellant,  the 
fraction  of  nitrocellulose  decreases  to  55-78  percent,  while  for 
a  triple-base  propellant,  only  about  20-28  percent  of  the 
composition  consists  of  nitrocellulose. 

To  determine  whether  using  propellant-No.  2  fuel  oil  slurries  as 
supplemental  fuels  in  industrial  combustors  was  feasible,  a 
series  of  tests  were  developed  to  assess  the  physical  and 
chemical  characteristics,  as  well  as  the  chemical  compatibility 
of  nitrocellulose,  nitroguanidine,  and  AA2  double-base 
propellant  slurries  in  No.  2  fuel  oil.  These  propellants  were 
received  for  testing  from  the  Naval  Ordnance  Station  in  Indian 
Head,  Maryland. 
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5.2.1  Compositions  of  Test  Sample  Materials 


5. 2. 1.1  No.  2  Fuel  Oil  Component 

A  commercial  grade  of  No.  2  fuel  oil  was  purchased  from  a  local 
distributor.  A  typical  analysis  of  this  oil  is  shown  in  Table 
5-1. 


Table  5-1.  Analysis  of  Commercial  No. 

2  Fuel  Oil 

Grade  number 
2 

Element 

Carbon,  % 

86.35 

Hydrogen,  % 

12.72 

Oxygen,  % 

0.8? 

Nitrogen,  % 

<0.01 

Sulfur,  7o 

0.10 

Ash,  % 

0.01 

Density,  Ib/gal  at  16°C  (60°F) 

7.208 

Heat  of  Combustion,  Btu/lb 

19,500 

Viscosity,  centistokes  at  38°C  (100°F) 

3.7 

5. 2. 1.2  Propellant  Components 

As  stated  above,  the  Naval  Ordnance  Station  supplied  samples  of 
nitrocellulose,  nitroguanidine,  and  AA2  double-base  propellants 
(1  lb.  each)  for  use  in  the  tests  reported  herein.  The 
nitrocellulose  was  received  as  a  water-wet  (28-29  percent  H2O), 
finely-divided  white  solid.  The  nitroguanidine  was  received  as 
a  dry  (<1  percent  H£0),  finely-divided  white  solid.  The  AA2 
double-base  propellant  was  received  as  paper-thin  shavings  of 
various  sizes  and  lengths.  Photographs  of  each  of  these 
materials  were  previously  shown  in  Figures  3-1,  3-2,  and  3-3. 
After  a  particle-size  analysis  was  run  on  the  nitrocellulose  and 
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nitroguanidine,  it  was  found  that  these  materials  did  not 
require  grinding  prior  to  being  dispersed  in  No.  2  fuel  oil  to 
form  a  slurry. 

5.2.2  Mix  Preparation 

5 . 2 . 2 . 1  Drying  of  Nitrocellulose 

Nitrocellulose  (20  g)  containing  28-29  percent  of  moisture  was 
dried  for  24  h  at  70°C  until  a  constant  weight  was  obtained. 

The  oven  used  for  drying  the  nitrocellulose  had  the  latch 
removed  for  safety  reasons.  Dry  nitrocellulose,  if  ignited  by 
fire,  spark,  or  static  electricity,  bums  very  rapidly. 
Consequently,  only  enough  nitrocellulose  required  to  perform  a 
particular  test  was  dried.  Any  nitrocellulose  left  over  after  a 
particular  test  was  wet  with  28-29  percent  water  and  recombined 
with  the  bulk  propellant  sample. 

5. 2. 2. 2  Preparation  of  Propellant-No.  2  Fuel  Oil  Slurries 

The  appropriate  amount  of  No.  2  fuel  oil  was  weighed  out  on  an 
analytical  balance  to  the  nearest  0.1  g  in  an  8  ounce  Nalgene 
bottle.  The  amount  of  propellant  required  to  prepare  the 
desired  slurry  composition  was  then  weighed  out.  In  the  case  of 
the  nitrocellulose-No.  2  fuel  oil  and  nitroguanidine-No.  2  fuel 
oil  slurries,  an  Ika-Works  dispersing  tool  (#S25N-25GM)  was 
inserted  into  the  No.  2  fuel  oil  and  the  Ultra-Turrax  T-25  drive 
unit  was  turned  on.  The  mixing  speed  required  to  prepare  the 
5-10  percent  slurries  of  these  materials  in  No.  2  fuel  oil  was 
8,000-9,500  rpm,  while  the  10-15  percent  slurries  required  a 
mixing  speed  of  9,500-13,500  rpm  due  to  the  increased  viscosity 
of  these  samples.  The  nitrocellulose  or  nitroguanidine 
propellants  were  added  gradually  over  a  period  c'  approximately 
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3  minutes,  then  the  resulting  slurry  was  allowed  to  mix  for  an 
additional  2  minutes.  Each  slurry  was  then  transferred  to  an 
Eberbach  reciprocating  shaker. 

In  the  case  of  the  AA2  propellant-No.  2  fuel  oil  slurries,  the 
#S25N-25GM  dispersing  tool  was  initially  used  to  prepare  each 
slurry  with  the  Ultra-Turrax  T-25  drive  unit  operating  at 
8,000-11,500  rpm.  However,  in  this  case,  after  all  the 
propellant  was  added  to  the  No.  2  fuel  oil  and  the  slurry  was 
allowed  to  mix  for  2  minutes,  a  #S25N-25F  dispersing  tool  was 
then  substituted  for  the  #S25N-25GM  tool  and  mixing  was  allowed 
to  continue  for  an  additional  2  minutes  at  9,500-11,500  rpm. 

The  use  of  the  #S25N-25F  dispersing  tool  allowed  the  preparation 
of  AA2  propellant-No.  2  fuel  oil  slurries  with  a  much  finer 
particle  size  distribution  than  was  possible  with  the  #S25N-25GM 
tool. 


Viscosity  measurements  were  performed  using  a  Brookfield  digital 
viscometer  (Model  DV-II)  on  each  of  the  propellant-No.  2  fuel 
oil  slurries  at  temperatures  of  25°C,  45°C,  and  65°C.  The 
propellant-No.  2  fuel  oil  slurries  were  simultaneously  heated 
and  agitated  in  a  Lab-Line  Orbit  Environ-Shaker  prior  to  each 
measurement.  Two  standard  oils  of  viscosities  differing  by  at 
least  50  centipoise  were  used  to  calibrate  the  viscometer.  The 
viscosity  tests  were  performed  according  to  a  combination  of 
Method  A  in  ASTM  D  2196-86  standard  procedure  and  ASIM  D 
1439-83a  standard  procedure.  Standard  procedure  ASTM  D  2196-86, 
Method  A,  covers  the  determination  of  the  apparent  viscosity  of 
non-Newtonian  materials  by  measuring  the  torque  on  a  spindle 
rotating  at  a  constant  speed  in  the  material.  Standard 
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procedure  ASTM  D  1439-83a  covers  the  determination  of  the 
viscosity  of  aqueous  slurries  of  sodium  carboxymethyl  cellulose 
with  the  Brookfield  viscometer. 

For  the  preparation  of  the  nitrocellulose-  and  nitroguanidine- 
No.  2  fuel  oil  slurries  for  viscosity  measurement,  the 
calculated  quantity  of  No.  2  fuel  oil  was  added  to  an 
eight-ounce  capacity  glass  jar.  A  stainless  steel,  two-bladed, 
marine-type  propeller  attached  to  a  variable  speed  laboratory 
stirrer  was  inserted  into  the  jar  allowing  minimum  clearance 
between  the  stirrer  and  the  bottom  of  the  container.  Stirring 
was  initiated  and  the  propellant  was  slowly  added  to  the  No.  2 
fuel  oil.  The  stirring  speed  was  adjusted  to  800±100  rpm  and 
mixing  was  continued  for  two  hours.  The  stirrer  was  then 
removed  and  the  sample  container  was  transferred  to  a  Lab-Line 
Orbit  Environ-Shaker  for  one  hour.  The  sample  container  was 
then  removed  and  shaken  vigorously  for  10  seconds.  The 
viscosity  was  then  measured  with  the  Brookfield  Model  DV-II 
digital  viscometer. 

5.3.2  Density  Measurements 

Density  measurements  were  performed  on  propel lan t-No.  2  fuel  oil 
slurries  at  25 °C,  45 °C,  and  65 °C  with  a  mud  balance  according  to 
ASTM  D  4380-84  standard  procedure  (Appendix  A).  The 
propellant-No.  2  fuel  oil  slurries  were  simultaneously  heated 
and  agitated  in  a  Lab-Line  Orbit  Environ-Shaker  prior  to 
analysis. 

In  some  cases,  particularly  with  the  more  viscous  slurry 
samples,  the  density  value  obtained  with  the  mud  balance  was 
confirmed  by  measuring  the  density  according  to  the  procedure 
given  in  ASTM  D  1343-86  standard  procedure  (Appendix  A).  In 
this  procedure,  the  density  of  the  sample  in  grams  per  cubic 


Propellant-No.  2  Fuel  Oil  Slurries 
As  Supplemental  Fuels 


5-5 


U.S.  Army 
USATHAMA 


centimeter  is  determined  by  measuring  the  weight  of  a  known 
volume  of  the  sample  contained  in  a  25-ml  tightly  stoppered 
graduated  cylinder.  In  all  cases,  the  density  value  determined 
with  either  method  agreed  to  within  0.002  grams  per  cubic 
centimeter. 

5.3.3  Particle  Size  Distribution 

The  laboratory  procedure  outlined  by  Lackey  (4)  was  used  to 
wet-screen  a  representative  AA2  propellant-No.  2  fuel  oil  slurry 
to  determine  its'  particle-size  distribution.  The  residual 
No.  2  fuel  oil  was  washed  off  the  propellant  fraction  retained 
on  each  screen  with  a  solvent  in  which  the  oil  has  a  high 
solubility  and  the  propellant  a  very  low  solubility.  Kerosene 
is  one  example  of  such  a  solvent.  After  drying  at  80°C  for  24 
h,  the  propellant  retained  on  each  screen  was  weighed  on  an 
analytical  balance,  and  the  particle  size  distribution  was 
calculated. 

5-3.4  Solubility  Tests 

The  solubility  apparatus  used  in  these  experiments  was  invented 
at  TVA-NFERC  (41).  A  5  percent  by  weight  slurry  of  the 
propellant  in  No.  2  fuel  oil  was  prepared  and  loaded  into  a 
50-ml  Nalgene  erlenmeyer  flask  containing  a  magnetic  stirring 
bar.  The  flask  was  placed  in  the  solubility  apparatus  and 
stirred  for  24-48  hours  at  25°C,  45°C,  or  65°C.  The  resulting 
mixture  was  then  filtered  on  a  45-micron  filter  and  washed  with 
kerosene  to  remove  all  traces  of  the  No.  2  fuel  oil.  After 
drying  at  80°C  for  24  hours,  the  propellant  was  weighed  on  an 
analytical  balance  to  the  nearest  0.0001  gram,  and  the 
solubility  value  was  calculated. 
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5.4 


Chemical  Characteristics  Tests 


5.4.1  Flash  Point  Tests 

The  flash  points  of  the  propellant-No.  2  fuel  oil  slurries  were 
measured  using  a  Cleveland  Open-Cup  apparatus  according  to  ASTH 
D  92-85  standard  procedure  (Appendix  A).  In  this  test,  the 
sample  is  heated  at  a  slow,  constant  rate  with  continual 
stirring.  A  small  flame  is  directed  into  the  cup  at  regular 
intervals  with  simultaneous  interruption  of  stirring.  The  flash 
point  is  defined  as  the  lowest  temperature  at  which  application 
of  the  test  flame  causes  the  vapor  above  the  sample  to  ignite. 
Extreme  care  was  exercised  during  this  test  to  prevent  backflash 
of  the  flame  into  the  slurry,  which  might  have  resulted  in 
explosive  decomposition  of  the  propellant-No.  2  fuel  oil  mixture. 

5.4.2  Fire  Point  Tests 

The  fire  points  of  the  propellant-No.  2  fuel  oil  slurries  were 
determined  using  a  Cleveland  Open-Cup  apparatus  according  to 
ASTH  D  92-85  standard  procedure  (Appendix  A).  In  this  test,  the 
slurry  is  placed  in  the  cup  and  heated  rapidly  at  first  but  then 
at  a  slow,  constant  rate  as  the  flash  point  is  approached.  A 
small  test  flame  is  passed  at  a  uniform  rate  across  the  cup  at 
specified  intervals  until  application  of  the  test  flame  causes 
the  specimen  to  bum  for  at  least  five  seconds.  Due  to  safety 
considerations,  preliminary  tests  were  performed  on  selected 
propellant-No.  2  fuel  oil  slurries  where  a  small  amount  was 
placed  in  a  metal  cup  and  ignited. 

5.4.3  Heat  of  Combustion  Tests 

The  heats  of  combustion  of  each  propellant  and  No.  2  fuel  oil 
was  measured  using  a  bomb  calorimeter  according  to  ASTH  D  240-87 
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standard  procedure  (Appendix  A).  The  heat  of  combustion  is  a 
measure  of  the  energy  available  from  a  fuel.  A  knowledge  of 
this  value  is  essential  when  considering  the  thermal  efficiency 
of  equipment  for  producing  either  power  or  heat.  The  heats  of 
combustion  of  various  propellant-No.  2  fuel  oil  slurries  were 
then  calculated  from  the  values  measured  from  the  propellants 
and  the  No.  2  fuel  oil. 

The  heat  of  combustion  value  for  each  sample  was  determined  in 
triplicate  by  burning  a  weighed  sample  of  material  in  an  oxygen 
bomb  calorimeter  under  controlled  conditions.  The  heat  of 
combustion  was  computed  from  temperature  observations  before, 
during,  and  after  combustion,  with  proper  allowance  for 
thermochemical  and  heat  transfer  corrections.  These  tests  were 
performed  by  the  Tennessee  Valley  Authority's  analytical 
laboratories  in  Chattanooga,  Tennessee. 

5.4.4  Emissions 

The  emissions  from  the  pyrolysis  of  the  individual  propellants, 
were  determined  using  a  Kratos  instrument  according  to  a 
procedure  similar  to  ASTM  D  2650-88  standard  procedure.  This 
test  method  covers  the  qualitative  and  quantitative  analyses  of 
gases  containing  specific  combinations  of  the  following 
components:  hydrogen;  hydrocarbons  with  up  to  six  carbon  atoms 
per  molecule;  carbon  monoxide;  carbon  dioxide;  mercaptans  with 
one  or  two  carbon  atoms  per  molecule;  hydrogen  sulfide;  3nd  air 
(nitrogen,  oxygen,  and  argon).  This  test  method  cannot  be  used 
for  the  determination  of  constituents  present  in  amounts  less 
than  0.1  mole  percent. 

Although  a  standard  method  does  not  exist  that  specifically 
covers  the  analysis  of  propellants  via  SPMS,  ASTM  D  2650-88 
provides  a  sufficient  amount  of  guidance  for  testing  these 
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compounds  using  this  analytical  technique.  As  was  mentioned  in 
Section  3. 2. A,  the  SPHS  spectrum  of  each  propellant  sample  was 
obtained,  then  compared  and  contrasted  to  information  already 
available  in  the  scientific  literature.  The  emissions  expected 
from  the  incomplete  combustion  of  various  propellant-No.  2  fuel 
oil  slurries  were  then  calculated  from  this  information.  This 
approach  was  discussed  with  USATHAMA  personnel,  and  subsequently 
approved  at  an  Interim  Project  Review  meeting. 


As  stated  above,  the  solid  propellant  materials  were  analyzed  by 
solid  probe  mass  spectrometry  with  electron  ionization  at 
70  eV.  Just  enough  sample  was  placed  in  a  1.5-  to  2-cra 
capillary  tube  until  the  material  was  visible.  With  the  sample 
tube  positioned  in  the  probe  tip,  the  probe  was  inserted  into 
the  source  which  was  held  at  200°C.  Nitroguanidine  was  analyzed 
using  a  temperature  program  of  50°C  to  250°C  at  20°C  per 
minute.  A  program  of  40°C  to  220 °C  at  10°C  per  minute  was  used 
to  analyze  the  AA2  propellant  and  nitrocellulose. 

The  liquid  sample  (No.  2  fuel  oil)  was  analyzed  by  gas 
chromotography/mass  spectrometry.  A  0.32  mm  x  30  m  DB-5  column 
with  a  temperature  program  of  40°C  to  310°C  at  10°C  per  minute 
was  used.  The  sample  (0.3  pL)  was  directly  injected  onto  the 
column.  The  source  temperature  was  200°C  and  electron 
ionization  at  70  eV  was  used  for  this  sample. 


5.4.5 


The  carbon  (C),  hydrogen  (H),  and  nitrogen  (N)  contents  of  each 
propellant  sample  were  determined  with  a  Carlo  Erba  Model  1108 
C,  If,  N,  S  analyzer.  The  instrument  was  standardized  with 
cysteine.  All  samples  were  analyzed  in  triplicate. 
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5.5 


Chemical  Compatibility  Tests 


5.5.1  Differential  Scanning  Calorimetry 

Differential  scanning  calorimetry  (DSC)  is  a  technique  in  which 
the  difference  in  energy  inputs  into  a  substance  and  a  reference 
material  is  measured  as  a  function  of  temperature  wnile  the 
substance  and  reference  material  are  subjected  to  a  controlled 
temperature  program.  This  technique  is  useful  for  detecting 
potentially  hazardous  reactions  including  those  from  volatile 
chemicals  and  for  estimating  the  temperatures  at  which  these 
reactions  occur.  In  addition,  this  technique  is  recommended  as 
an  initial  test  for  detecting  the  reactive  hazards  of  an 
uncharacterized  chemical  substance  or  mixture. 

The  DSC  experiments  were  performed  according  to  ASTM  E  537-86 
standard  procedure  (Appendix  A)  using  a  Perkin-Elmer  model  DSC-7 
instrument.  A  heating  rate  of  20°C/min  was  used  in  each 
experiment  with  a  nitrogen  flow  rate  of  65  cc/min.  The 
apparatus  was  calibrated  in  temperature  and  surface  area  with 
indium  (Tm  =  156°C  and  Hm  =  28 .b  J/g).  An  empty  pan  was  used  as 
the  reference  material  for  all  measurements.  The  surface  areas 
were  measured  by  manipulating  the  decomposition  curves  and 
baselines  with  the  DSC-7  computer  software. 

The  method  for  crimping  the  pans  was  identical  to  that  discussed 
by  Lemieux  et  al.  (A2).  First,  the  sample  (0.5-1. 5  mg)  was 
crimped  in  the  usual  manner  with  aluminum  pan  and  cover.  Then, 
the  rim  of  the  capsule  was  pinched  with  tweezers  in  a 
criss-cross  way  so  that  decomposition  gases  could  escape 
easily.  This  operation  leaves  the  bottom  of  the  capsule  uniform 
to  allow  a  proper  thermal  contact  between  the  sample  holder  and 
the  capsule.  The  sample  was  then  placed  in  the  DSC-7  apparatus, 
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brought  rapidly  to  117°C,  and  equilibrated  for  two  minutes.  The 
DSC  experiment  was  then  performed  at  a  heating  rate  of  20°C/min 
under  a  nitrogen  flow  rate  of  65  cc/min. 

5.5.2  Supplementary  Tests 

Qualitative  analyses  of  the  propellant-No.  2  fuel  oil  slurries 
were  conducted  over  the  six  month  course  of  this  project  to 
determine,  for  example,  the  rate  at  which  the  slurries  settled 
out.  Specific  results  from  these  observations  are  discussed  in 
the  text  of  the  report. 
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VI.  CONCLUSIONS 


Based  on  the  cost  comparisons  discussed  in  the  economic  analysis 
(Section  4),  we  conclude  that  fueling  combustors  with  10  percent 
by  weight  nitrocellulose-,  nitroguanidine-,  or  AA2 
propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels  is  a 
cost  effective  disposal  option  compared  to  disposal  of  these 
propellants  via  OB/OD  ($300-$813/ton)  or  incineration 
($2,800/ton) .  The  limit  of  10  percent  by  weight  concentration  of 
propellant  in  the  slurry  is  based  on  the  viscosity  that  could  be 
handled  by  a  conventional,  unmodified  oil  burner.  In  addition, 
it  should  be  noted  that  burning  these  slurries  as  supplemental 
fuels  may  be  considered  more  environmentally  acceptable  than 
disposal  of  propellants  via  OB/OD  or  incineration.  For  example, 
Myler  and  Mahannah  (3)  have  noted  that  disposing  of  waste 
energetic  compounds  has  recently  come  under  regulatory  scrutiny 
in  consequence  of  the  end  of  interim  status  for  incinerators 
under  the  Resource  Conservation  and  Recovery  Act  (RCRA).  OB/OD 
of  energetic  wastes  requires  a  Subpart  X  permit.  Subpart  X 
operations  remain  under  interim  status  until  November  1992. 
Whether  or  not  OB/OD  operations  will  be  allowed  to  continue  in 
their  current  form  is  unknown.  Therefore,  burning 
propellant-No.  2  fuel  oil  slurries  as  supplemental  fuels  may  be 
a  viable  option  for  disposal  of  large  amounts  of  waste  and 
out-of-specification  propellants  when  the  status  of  Subpart  X 
operations  is  further  clarified  by  November  1992.  Moreover,  the 
economic  analysis  has  shown  that  burning  propellant-No.  2  fuel 
oil  slurries  with  greater  than  10  percent  by  weight  propellant 
contents  as  supplemental  fuels  could  presently  be  a  viable 
option  for  disposing  of  large  quantities  of  these  materials  if 
the  Army's  industrial  combustors  could  be  retrofit  with  burners 
capable  of  handling  a  fuel  with  a  viscosity,  for  example,  double 
that  capable  of  being  fed  to  a  conventional,  unmodified  oil 
burner.  We  recommend  that  the  existence  and  cost  of  these 
modified  burners  be  surveyed  in  the  next  phase  of  this  project. 
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VII. 


Previous  work  in  the  scientific  literature  concerning  the 
physical  characteristics,  chemical  characteristics,  and  thermal 
stability  of  single-,  double-,  and  triple-base  propellants  were 
identified  using  the  STN  computer  database.  This  database  does 
not  provide  references  published  prior  to  1964.  Therefore,  the 
Chemical  Abstracts  reference  database  was  searched  manually  by 
TVA  personnel  for  pertinent  literature  articles  published  prior 
to  1964. 

A  total  of  1549  references  were  obtained  from  the  STN  computer 
database  using  the  following  search  keywords:  Propellants 
(Single-,  Double-,  and  Triple-Base),  Reactions,  Properties, 
Chemistry,  Decomposition,  and  Physical  Properties.  Copies  of 
pertinent  literature  articles,  reports,  and  patents  were 
obtained  and  the  contents  of  each  reference  were  reviewed  for 
relevance  to  the  current  project.  A  copy  of  the  original 
computer  printout  from  the  STN  database  literature  search  is 
available  from  the  authors  upon  request. 

Reference  material  gathered  in  the  literature  search  included 
previous  work  that  USATHAMA  has  sponsored,  as  well  as  several 
studies  sponsored  by  the  U.S.  Government  and  by  Hercules,  Inc. 
concerning  the  safety  aspects  of  handling  propellants. 
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APPENDIX  A 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM)  STANDARD  PROCEDURES 


ASTI!  D  2196-86 

Standard  Test  Methods  for  Rheological  Properties  of 
Non-Newtonian  Materials  by  Rotational  (Brookfield;)  Viscometer 


Designation:  D  2196  -  86 


Standard  Test  Methods  for 

Rheological  Properties  of  Non-Newtonian  Materials  by 
Rotational  (Brookfield)  Viscometer1 " 

.  ..  ,  •;  ,  ;  i  ‘  '  *  ■  .  i 

Thu  standard  is  issued  under  the  fixed  designation  D  2196,  the  number  immediately  following  the  designation  indicates  the  year  of 
original  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  reapproval.  A 
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These  lest  methods  has]  been  approved  for  use  by  agencies  of  the  Department  of  Defense  to  replace  Method  428?  of  Federal  Test 
’  Method  Standard  No.  Id  I A  and  for  listing  in  the  DoD  Index  of  Specifications  and  Standaras. 


1.  Scope  “ 

LI  These  test  methods  cover  the  determination  of  the 
apparent  viscosity  and  the  shear  thinning  and  thixotropic 
properties  of  non-Newtonian  materials  in  the  shear  rate 
range  from  0.1  to  50  s"1. 

1.2  This  standard  may  involve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safely  problems  associated  with  its  use.  It  is 
the  responsibility  of  the.  user  of  this  standard  to  establish 
appropriate  safety  'and  health  practices  and  determine  the 
applicability  of  regulatory  limitation  prior  to  use. 

2.  Referenced  Document 

2.1  ASTM  Standard:  ^  ...  1 

E  1  Specification  for  ASTM  Thermometers2.  ( 4 

„  '■  .  * 

3.  Summary  of  Test  Methods  ’ 

3.1  Test  Method  A  consists  of  determining  the  apparent 

viscosity  of  coatings  and  related  materials  by  measuring  the 
torque  on  a  spindle  rotating  at  a  constant  speed  in  the 
material.  .  "  •  ”  - 

3.2  Test  Methods  B  and  C  consist  of  determining  the 
shear  thinning  and  thixotropic  (time-dependent)  rheological 
properties  of  the  materials.3 *  The  viscosities  of  these  materials 
are  determined  at  a  series  of  prescribed  speeds  of  a  rotation¬ 
al-type  viscometer.  The  agitation  of  the  material  immedi¬ 
ately  preceding  the  viscosity  measurements  is  carefully 
controlled. 

4.  Significance  and  Use  '  .  - 

4.1  Test  Method  A  is  used  for  determining  the  apparent 
viscosity  at  a  given  rotational  speed,  although  viscosities  at 
two  or  more  speeds  better  characterize  a  non-Newtonian 
material  than  does  the  single  viscosity  measurement. 

4.2  With  Test  Methods  B  and  C,  the  extent  of  shear 
thinning  is  indicated  by  the  drop  in  viscosity  with  increasing 
viscometer  speed.  The  degree  of  thixotropy  is  indicated  by 


comparison  of  viscosities  at  increasing  and  decreasing 
viscometer  speeds  (Test  Method  B),  viscosity  recovery  (Test 
Method  B),  or  viscosities  before  and  after  high  shear  (combi- 
nation  of  Test  Methods  B  and  C).  The  high-shear  treatment 
in  Test  Method  C  approximates  shearing  during  paint, 
application.  The  viscosity  behavior  measured  after  high  shear 
is  indicative  of  the  characteristics  of  the  paint  soon  after 
application.  •'  .  '  .  ,*■ 
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5.  Apparatus  '  ’  ,  .  A 

5.1  Rotational-type  viscometers  having  ’  at  least  four 

speeds  such  as.  -.T  .  •  ,  -.-  -.  ?  ^calculate  nev 

5.1.1  Brookfield  Viscometer ,  Model  LVF,  having  four,  g?  fnilnwe-'-  ■ 

rotational  speeds,  or  Model  LVT  having  eight  rotational 
speeds,  with  set  of  four  spindies;  or  ■  :  •  "  \ 

5.1.2  Brookfield  Viscometer,  Model  RVF,  having  four 

rotational  speeds,  or  Model  RVT  having  eight  rotational'^ 
speeds,  with  set  of  seven  spindles.  _  ^ 

5.2  Thermometer— ASTM  thermometer  having  a  range'; 

'  from  20  to  70*C  and  conforming  to  the  requirements  for^ 

Thermometer  49C  as  prescribed  in  Specification  El.  £ 

5.3  Containers,  round  1-pt  (0.5-L)  can,  33/s  in.  (85  mm)  iih 
diameter,  or  !-qt  (1-L)  can,  4  in.  (100  mm)  in  diameter. 

5.4  Shaker ,5  or  equivalent  machine  capable  of  vigorously^ 

shaking  the  test  specimen.  .  £ 


6.  Materials 

6. 1  Standard  Oils,6 
miilipascal  seconds. 


calibrated  in  absolute  viscosity,' 


follows: ' 

.  V.r  *  *  »-  — 

§"where:  • 
if‘=  new  fa 
(mPa- 
"  V  =_  viscos' 
»' scale  r 
V'7.3  Prepa 
with  the  vise 
lion's  worke 
with  speed. 

’pSi'"  ' 

:i'-\  TABLE  1 

-  i: . 

IvOTE — M  = 


1  These  lest  mdhods  ate  under  the  jurisdiction  of  ASTM  Committee  D-l  on 
Paint  and  Related  Coatings  and  Materials  and  are  the  direct  responsibility  of 
Subcommittee  DOI.24  on  Physical  Properties  of  Liquid  Paints  and  Paint  Mate¬ 
rials. 

Current  edition  approved  Aug.  29,  1986.  Published  October  1986.  Originally 

published  as  D  2 196  -  63  T.  Last  previous  edition  D  2196  -  81. 

:  Annual  Book  of  ASTM  Star,  aurrfj,  Vol  1401. 

5  Pierce.  P.  E..  "Measurement  ot  Rheology  of  Thixotropic  Organic  Coatings 
and  Resins  witn  the  Brooxheld  Viscometer,"  Journal  of  Paint  Tccnnology,  Vol  43, 

No.  557.  19/1,  pp.  35-43. 


7.  Calibration  of  Apparatus 

\ 

7.1  Select  at  least  two  standard  oils  of  viscosities  differing 
by  at  least  5  P  (0.5  Pa-s)  within  the  viscosity  range  of  the, 
material  being  measured  and  in  the  range  of  the  viscometer.' 
Condition  the  oils  as  closely  as  possible  to  25.0°C  (or  other; 
agreed-upon  temperature)  for  1  h  in  a  1-pt  (0.5-L)  can,  3Vt, 
in.  (85  mm)  in  diameter.  Measure  the  viscosities  of  each  oiL 
as  described  in  Test  Method  B  (Section  13)  taking  readings  j 

only  at  increasing  speeds  (13.7).  Make  certain  that  the; 

■4 

i 


4  Brookfield  viscometers  arc  available  from  the  Brookfield  Engineering  Labor*- 1 

lories.  Inc.,  240  Cushing  Si..  Stoughton.  MA  02072.  V 

5  A  reciprocating  shaker  may  be  obtained  from  Ihe  Red  Devil  Tools.  2400,1 

Vauxhall  Rd..  Union.  NJ  07083.  ’if 

6  Absolute  viscosity  standards  are  available  in  1-pt  samples  from  The  Cannoa  j 

Instrument  Co .  P  O  Box  16.  State  College.  PA  I6S0I.  or  Brookfield  Engineennt  i 
Laboratories.  Inc..  240  Cushing  Si..  Stoughton.  MA  02072.  S! 
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|jnd!e  is  centered  in  the  container  prior  to  taking  measure¬ 
ments.  ,  •  . 

f  Js'OTE  1 — The  Brookfield  LV  and  RV  series  viscometers  are  equipped 
a  spindle  guard  leg.  The  spindle/specd  multiplying  factors  (Table  1) 
£  designed  for  use  with  the  guard  leg  in  place  except  for  the  following 
editions:  RV  senes  when  the  factors  arc  the  same  with  or  without  the 
rtfd  leg  for  spindles  No.  3  through  7,  or  LV  senes  when  the  factors  are 
j^same  with  or  without  the  guard  leg  for  spindles  No.  3  and  4. 

§7,1.1  Calibration  in  a  1-pt  (0.5-L)  can  is  always  possible 
£th  the  LV  series  viscometer  with  the  guard  leg. attached. 
Calibration  of  the  RV  series  viscometer  in  the  1-pt  can  must 
ledone  with  spindles  No.  3  through  7  without  the  guard  leg. 
If  the  No.  I  or  No.  2  spindles  are  to  be  used,  calibration  is 
^rried  out  in  the  1-qt  (1-L)  can  with  the  guard  leg  attached. 
.17.2  Combining  the  tolerance  of  the  viscometer  (±1  %, 
jijual  to  the  spindle/speed  factor)  and  the  tolerance  of  the 
temperature  control  (typically  ±0.5°C  at  25°C)  it  is  reason- 
tble  to  assume  that  a  viscometer  is  calibrated  if  the  calcu- 
hted  viscosities  are  within  ±5  %  of  the  stated  values  (see 
fable  2  for  examples  of  the  considerable  change  in  viscosity 
nth  temperature  exhibited  by  standard  oils).  If  measure¬ 
ments  are  not  made  at  25°C,  then  the  stated  viscosities 
iould  be  corrected  to  the  temperature  at  which  they  are 
’measured.  If  the  viscosities  determined  in  7.1  differ  from  the 

|  Sated  values  of  the  viscosity  standard  by  more  than  5  %, 
calculate  new  factors  for  each  spindle/speed  combination  as 
follows:  '  •  •  -.  • 

Sl¬ 
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|?‘=  new  factor  for  converting  scale  reading  to  viscosity,  cP 
(mPa-s), 
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•Xv=  viscosity  of  standard  oil,  mPa-s,  and 
scale  reading  of  the  viscometer. 
jT£.7.3  Prepare  a  table  of  new  factors  similar  to  that  furnished 
:,iith  the  viscometer  (Table  1)  for  the  spindle/speed  combina¬ 
tions  worked  out  in  7.2.  Spindle/speed  factors  vary  inversely 

'jath  speed .  ,  .  ,  ,  . 

%  _  /  ##  .  -  , 

^‘TABLE  1  Factors  for  Converting  Brookfield  Dial  Readings  to 
•*V,si  Centipoises  (Millipascal  Seconds) 

m  =  1000.  _ 
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8.  Preparation  of  Specimen  • 

8.1  Fill  a  1-pt  or  1-qt  can  with  sample  to  within  1  in.  (25 
mm)  of  the  top  with  the  sample  and  bring  it  as  close  as 
possible  to  a  temperature  of  25‘C  or  other  agreed-upon 
temperature  prior  to  test. 

8.2  Vigorously  shake  the  specimen  on  the  shaker  or  . 
equivalent  for  10  min,  remove  it  from  the  shaker,  and  allow 

it  to  stand  undisturbed  for  60  min  at  25'C  prior  to  testing 
(Note  2).  Start  the  test  no  later  than  65  min  after  removing 
the  can  from  the  shaker.  Do  not  transfer  the  specimen  from 
the  container  in  which  it  was  shaken. 

Note  2 — Shake  time  may  be  reduced  if  necessary,  or  as  agreed  upon 
between  the  purchaser  and  manufacturer,  but,  in  any  case,  should  not  be 
less  than  3  min. 

TEST  METHOD  A— APPARENT  VISCOSITY 

9.  Procedure  . 

9. 1  Make  all  measurements  as  close  as  possible  to  25°C,  or 
other  agreed-upon  temperature. 

9.2  Place  the  instrument  on  the  adjustable  stand.  Lower 
the  viscometer  to  a  level  that  will  immerse  the  spindle  to  the 
proper  depth.  Level  the  instrument  using  the  attached  spirit 
level. 

9.3  Tilt  the  selected  spindle  (Note  3),  insert  it  into  one 
side  of  the  center  of  the  surface  of  the  material,  and  attach 
the  spindle  to  the  instrument  as  follows:  Firmly  hold  the 
upper  shaft  coupling  with  thumb  and  forefinger;  screw 
left-hand  thread  spindle  coupling  securely  to  the  upper  shaft 
coupling  being  very  careful  when  connecting  to  avoid  undue 
side  pressure  which  might  affect  alignment.  Avoid  rotating 
the  dial  so  that  pointer  touches  the  stops  at  either  extreme  of 
the  scale. 

Note  3— Select  the  spindle/spccd  combination  that  will  give  a 
minimum  scale  reading  of  10  but  preferably  in  the  middle  or  upper 
ponton  of  the  scale.  The  speed  and  spindle  lo  be  used  may  differ  from 
this  by  agreement  between  user  and  producer. 

9.4  Lower  the  viscometer  until  the  groove  (immersion 
mark)  on  the  shaft  just  touches  the  material.  Adjust  the 
viscometer  level  if  necessary.  Move  the  container  slowly  in  a 
honzonial  plane  until  the  spindle  is  located  in  approximately 
the  center  of  the  container  so  that  the  test  will  be  run  in  a 
region  undisturbed  by  the  lowering  of  the  spindle. 

9.5  Turn  on  the  viscometer.  Adjust  the  viscometer  to  the 
rpm  selected  (Note  3)  for  the  materia!  under  test.  Allow  the 
viscometer  to  run  until  the  pointer  has  stabilized  (Note  4) 
After  the  pointer  has  stabilized,  depress  the  clutch  and  switch 
off  the  motor  so  that  when  it  stops,  the  pointer  will  be  in 
view  (Note  5).  ' 

Note  4 — In  thixotropic  paints,  the  pointer  docs  not  always  stabilize. 
On  occasion  it  reaches  a  peak'  and  then  gradually  declines  as  the 
structure  is  broken  down.  In  these  cases,  the  time  of  rotation  or  number 
of  revolutions  prior  to  reading  the  viscometer  should  be  agreed  to 


TABLE  2  Viscosity  Variation  o(  Cannon  Viscosity  Standards 
About  the  25°C  Temperature  Point 


Cannon  Viscosity 

Viscosity  at  2S°C, 

Viscosity  Orange  wan  +l°C 

Standard 

cP  (mPa-s) 

at  25°C.  cP  (mPa-s) 

S-6C0 

1  400 

87  7  (6  26  %) 

S-2C00 

4  900 

332  (6.77  X) 

S-8000 

20  COO 

1462  3(7  31  X) 

/ 
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between  user  and  manufacturer. 

Note  5— Always  release  the  clutch  while  the  spindle  is  still  immersed 
so  that  the  pointer  will  float,  rather  than  snap  back  to  zero. 

10.  Calculation  ' 

;  10.1  Calculate  the  apparent  viscosity  at  each  speed,  as 
follows: 

•v  '  V=fs  -  •  •  ■  ' 

[where:  ”  “  . 

V  =  viscosity  of  sample  in  centipoises,  mPa-s, 

| f  =  scale  factor  furnished  with  instrument  (see  Table  1), 
and 

■s.  =  scale  reading  of  viscometer.  .  ..  .... 

11.  Report 

11.1  Report  the  following  infom.ation: 

11.1.1  The  Brookfield  viscome  wr  model  and  spindle, 

11.1.2  The  viscosity  at  the  spindle/spted  utilized, 

1 1.1.3  The  specimen  temperature  in  degrees  Celsius,  and 

11.1.4  The  shake  time  and  rest  period,  if  other  than 

[specified.  .  >  *  -  ' 

12.  Precision  and  Bias  '  •  '  -  • 

12.1  Precision — See  Section  23  for  precision,  including 

[that  for  measurement  at  a  single  speed.  . 

12.2  Bias — No  statement  of  bias  is  possible  with  this  test 

method.  ;  .  .  . 

in  '  *  ’  .  .  ,  #  / 

i  TEST  METHOD  B — VISCOSITY  UNDER  CHANGING  SPEED  ' 
CONDITIONS,  DEGREE  OF  SHEAR  THINNING  AND 
THIXOTROPY 

13.  Procedure 

13.1  Make  all  measurements  with  the  Brookfield 
^viscometer  as  close  as  possible  25'C,  or  other  agreed  upon 
[temperature. 

13.2  Adjust  the  instrument. and  attach  the  spindle  as  in 
[9.2  through  9.4. 

13.J  Set  the  viscometer  at  the  slowest  rotational  speed 

E Notes  5  and  6).  Start  the  viscometer  and  record  the  scale 
eading  after  ten  revolutions  (or  other  agreed-upon  number 
if  revolutions). 

Note  6 — When  the  eight  speed  viscometers  (RVT  and  LVT)  are 
jused,  lower  or  higher  speeds  than  that  permitted  by  the  four  speed 
[Viscometers  may  be  used  upon  agreement  between  producer  and  user. 

13.4  Increase  the  viscometer  speed  stepwise  and  record 
the  scale  reading  after  ten  revolutions  (or  equivalent  time  for 
each  spindlc/specd  combination)  at  each  speed.  After  an 
observation  has  been  made  at  the  top  speed,  decrease  the 
speed  in  steps  to  the  slowest  speed,  recording  the  scale 
reading  after  ten  revolutions  (or  equivalent  time)  at  each 
speed. 

f-  Note  7 — It  is  preferable  to  change  speed  when  the  motor  is  running. 

13.5  After  the  last  reading  has  been  taken  at  the  slowest 
speed,  shut  off  the  viscometer  and  allow  it  and  the  specimen 
to  stand  undisturbed  for  an  agreed-upon  rest  period.  At  the 
end  of  the  rest  period,  start  the  viscometer  at  the  slowest 
speed  and  record  the  scale  reading  after  ten  revolutions  (or 
Dthcr  agreed-upon  number  of  revolutions). 


14.  Calculations  and  Interpretation  of  Results 

14.1  Calculate  the  apparent  viscosity  at  each  speed  as 

shown  in  Section  9.  ..  _•  .  •  . ;  .  ^ 

14.2  If  desired,  determine  the  degree  of  shear  thinning  by 
the  following  method: 

14.2.1  Shear  Thinning  Index  (sometimes  erroneously' 

called  the  thixotropic  index)— Divide  the  apparent  viscosity 
at  a  low  rotational  speed  by  the  viscosity  at  a  speed  ten  times' 
higher.  Typical  speed  combinations  are  2  and  20  rpm,  5  and 
50  rpm,  6  and  60  rpm  but  selection  is  subject  to.  agreement 
between  producer  and  user.  The  resultant  viscosity  ratio  is  an 
jpAov  0f  degree  of  shear  thinning  over  that  range  of 
rotational  speed  with  higher  ratios,  indicating  greater  shear 
thinning.  .  ..  ...  ,  .  ; 

14.2.2  A  regular  or  log-log  plot  of  viscosity  •  versus" 

viscometer  speed  in  rpm  may  also  be  useful  in  characterizing, 
the  shear- thinning  behavior  of  the  material.  Such  plots  may, 
be  used  for  making  comparisons  between  paints  or  other 
materials.  -*  •  ■  , 

.....  -  >4 
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14.3  If  desired,  estimate  the  degree  of  thixotropy  (under,  9 

conditions  of  limited  shearing-out  of  structure)  by  one  oftne.-.-  l,.vTn  o" 
following  methods:  .  ,,, ,  . ,  ....  ..,n’  X- 

14.3.1  Calculate  the  ratio  of  the  slowest  speed  viscosity..  iyolut! 

taken  with  increasing  speed  to  that  with  decreasing  speed.!  v  • 
The  higher  the  ratio,  the  greater  the  thixotropy.  •.  .  .  ‘./-ffi  Dec 

14.3.2  Calculate  the  ratio -of  the  slowest  speed  viscosity)  jV‘-»  'j  .u_  , 

taken  after  the  rest  period  to  that  before  the  rest  period.  The-'  (:•  reC°|,a 
higher  the  ratio,  the  greater  the  thixotropy.  ■  l.s^ea  usea 

$  after  ten  rt 

* ,  •  •  .._  -1  number  of 

15.  Report  '  .  a  .  ,  «•  '  .  .  ift  5;cTfc.  ,‘- 

15.1  Report  the  following  information:  \  ^a'cul: 

15.1.1  The  Brookfield  viscometer  and  spindle,  ’  ’  “  ;^E:~.20.1  As 

15.1.2  The  viscosities  at  increasing  and  decreasing  spindle*', 

speeds,'  '  *  | 

15.1.3  The  rest  period  time  and  the  viscosity  at  the  end  of  ;  |. 
that  time,  • 

15.1.4  The  specimen  temperature  in  degrees  Celsius,  and  ’-~ 

15.1.5  The  shake  time  if  other  than  that  specified.  % 

15.2  Optional  Reporting:  ■  '  .% 

15.2.1  Degree  of  Shear  Thinning— Shear  thinning  index  { 

and  speeds  over  which  it  was  measured  (14.2).  ■  _ D  . 

15.2.2  Estimated  Degree  of  Thixotropy  (under  conditions  5 11"  shear.  The 

of  shearing-out  of  structure)— Ratio  of  the  lowest  speed -'l 
viscosities,  for  both  increasing  and  decreasing  speeds,  or  ratio.  ?  * 
of  the  lowest  speed  viscosities  before  and  after  the  rest  penod,  "4 
and  speed  at  which  they  were  measured  (14.3).  \ 
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16.  Precision  and  Bias  ■ 

16.1  Precision— See  Section  23  for  precision,  including! 

that  for  measurement  of  the  shear  thinning  index  (ratio  of  £ 
viscosity  at  5  r/min  to  that  at  50  r/min).  It  has  not  been"! 
possible  to  devise  a  method  for  determining  precision  for  £ 
viscosities  at  increasing  and  decreasing  speeds  other  than  as  n 
individual  measurements.  No  attempt  was  made  to  deter-  » 
mine  the  precision  of  the  measurement  of  the  degree  of  £ 
thixotropy  because  this  parameter  is  dependent  on  the 
material,  the  time  of  the  test,  and  other  variables.  1 1: T* 

16.2  Bias— No  statement  of  bias  is  possible  with  this  test  ,f 

method.  ....  ... 
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$  TEST  method  c— viscosity  and  shear  thinning 

S.  OF  A  SHEARED  MATERIAL 

M'  _ 

•TjT,  Apparatus  *  r 

St  j7.1  High  speed  laboratory  stirrer  with  speeds  of  at  least 
JjOOO  rpm  and  equipped  with  a  2-in.  (50-mm)  diameter 
-■circular  dispersion  blade.7 

as..  •  ••••'•■ 

‘VJ  ' 

il$.  Preparation  of  Specimen 

p- 18.1  Insert  the  2-in.  (50-mm)  blade  into  the  center  of  the 
7can  (4-3)  so  that  the  olade  is  about  1  in.  (25  mm)  from  the 
"bottom.  Run  the  mixer  at  2000  rpm  (Note  8)  for  1  min. 

£,  Note  8 — Materials  may  be  sheared  at  other  speeds  using  other  sue 
’blades  upon  agreement  between  producer  and  user. 

19.  Procedure 

3.'  19.1  Immediately  insert  the  same  spindle  used  in  Test 
^Method  B  into  the  sheared  material  in  the  same  manner  as  in 
’{Section  9. 

fg[9.2  Start  the  viscometer  and  adjust  to  the  highest  speed 
'/used  in  Test  Method  B  (13.5).  Record  the  scale  reading  after 
Tten  revolutions  (or  other  agreed-upon 1  number  of  revolu¬ 
tions). 

19.3  Decrease  the  viscometer  speed  (Note  7)  step-wise  and 
fircord  the  scale  readings  at  each  speed  down  to  the  lowest 
{[speed  used  in  Test  Method  B,  recording  the  scale  reading 
Rafter  ten  revolutions  at  each  speed  (or  other  agieed-upon 
; ^number  of  revolutions). 

■  <V,C  : 

.-{20.  Calculations  and  Interpretation  of  Results 

20.1  As  in  Test  Method  B,  calculate  the  viscosities  at  each 
/decreasing  speed. 

20.2  If  desired,  calculate  the  degree  of  shear  thinning  by 
.the  method  given  in  Test  Method  B,  14.2.  The  measured 
.{viscosity  behavior  after  shearing  is  essentially  that  of  the 
{ paint  immediately  after  application  (disregarding  changes  in 
•/solids). 

.  20.3  If  desired,  estimate  the  degree  of  thixotropy  (under 
conditions  of  complete  shearing-out  of  structure)  by  calcu¬ 
lating  the  ratio  of  the  lowest  speed  viscosities  before  and  after 
.shear.  The  lowest  speed  before-shear  viscosity  is  taken  from 
Test  Method  B,  14.1,  at  the  lowest  increasing  speed.  The 
lowest  speed  after-shear  viscosity  is  taken  from  20.1.  The 
higher  the  ratio,  the  greater  the  thixotropy. 


7  Cowles  or  Shar  type  mixer/disperser. 


21.  Report 

21.1  Report  the  following- information: 

21.1.1  The  Brookfieid  viscometer  model  and  spindle, 

21.1.2  The  viscosities  at  decreasing  spindle  speeds, 

21.1.3  The  specimen  temperature  in  degrees  Celsius,  and 

21.1.4  The  speed  of  the  high-speed  mixer,  size  of  blade, 
and  time  of  mixing  if  different  from  method. 

21.2  Optional  Reporting:  " 

21.2.1  Degree  of  Shear  Thinning — Shear  thinning  index 
and  speed  over  which  it  was  measured  (14.2). 

21.2.2  Estimated  Thixotropy — Ratio  of  lowest  speed  vis¬ 
cosities  before  and  after  shear  and  the  speed  at  which  they 
were  measured. 

22.  Precision  and  Bias 

22.1  Precision — The  precision  for  individual  viscosity 
measurements  is  the  same  as  for  Test  Method  A  in  Section 

23.  No  attempt  has  been  made  to  determine  the  precision  of 
the  shear  thinning  index  or  degree  of  thixotropy  for  Test 
Method  C  for  the  reasons  given  in  16.1. 

22.2  Bias — No  statement  of  bias  is  possible  with  this  test 
method. 

23.  Summary  of  Precision 

23. 1  In  an  interlaboratory  study  of  Test  Methods  A  and  B, 

eight  operators  in  six  laboratones  measured  on  two  days  the 
viscosities  of  four  architectural  paints  comprising  a  latex  flat, 
a  latex  semi-gloss,  a  water-reducible  gloss  enamel,  and  an 
alkyd  semi-gloss,  that  covered  a  reasonable  range  in  viscosi¬ 
ties  and  were  shear  thinning.  Measurements  at  increasing 
speeds  of  5,  10,  20,  and  50  r/min  (equivalent  to  eight 
operators  testing  16  samples)  were  used  to  obtain  the 
precision  of  Test  Method  A.  The  within-laboratory  coeffi¬ 
cient  of  variation  for  Test  Method  A  (single  speed)  was  found 
to  be  2.49%  with  121  degrees  of  freedom  and  for  Test 
Method  B  (Shear  Thinning  Index)  3.3  %  with  31  degrees  of 
freedom.  The  corresponding  between-laboratories  coeffi¬ 
cients  aret7.68  %  with  105  degrees  of  freedom  and  7.63  % 
with  27  degrees  of  freedom.  Based  on  these  coefficients  the 
following  criteria  should  be  used  for  judging  the  acceptability 
of  results  at  the  95  %  confidence  level:  •  • 

23.1.1  Repeatability — Two  results  obtained  by  the  same 
operator  at  different  times  should  be  considered  suspect  if 
they  differ  by  more  than  7  %  relative  for  single  speed 
viscosity  and  9.5  %  relative  for  shear  thinning  index. 

23.1.2  Reproducibility — Two  results  obtained  by  opera¬ 
tors  in  different  laboratories  should  be  considered  suspect  if 
they  differ  by  more  than  21.6  and  22.1  %  relative,  respec¬ 
tively,  for  the  same  two  test  methods. 
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Tho  American  Society  lor  testing  ana  Materials  takes  no  position  respecting  the  validity  o I  any  patent  rights  assorted-m  connection 
with  any  item  mcntionco  in  this  stancard.  Users  ol  this  standard  arc  expressly  advised  that  determination  ol  tho  validity  ol  any  such 
patent  rights,  and  tho  risk  ol  inlnngement  ol  such  rights,  are  entirety  their  own  responsibility. 

This  standard  is  subject  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  bo  reviewed  every  livo  years  and 
il  not  revised,  cither  rcapproved  or  withdrawn.  Your  comments  are  invited  either  tor  revision  ot  th.s  standard  or  tor  additional  standards 
and  should  be  addressed  to  A  SIM  Hcadauarters.  Your  comments  will  receive  carelul  cons.derat.on  at  a  meeting  ol  tho  rcspcnsibio 
technical  committee,  which  you  may  attend.  It  you  tcel  that  your  comments  havo  not  received  a  tan  nearing  you  should  make  your 
views  known  to  the  ASTt.t  Committee  on  Standards.  1916  Pace  St..  Philadelphia.  PA  19103. 
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Standard  Methods  of  Testing  Sodium  Carboxymethylcellulose 


Designation:  D  1439  -  83a61 


Standard  Methods  of  Testing 
Sodium  Carboxymethylceilulose1 

This  standard  is  issued  under  the  fixed  designation  D  1439;  the  number  immediately  following  the  designation  indicates  the  year  of 
original  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  rcapproval.  A 
superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapproval. 


*■  Note — Section  39  was  revised  editorially  in  April  1985. 


1.  Scope 

1.1  These  methods  cover  the  testing  of  sodium  carboxy- 
methylccllulose. 

.  1.2  The  test  procedures  appear  in  the  following  order: 

Sections 


Moisture  3  to  7 

Degree  of  Etherification: 

Method  A — Acid  Wash  8,  9  to  14 

Method  B— Nonaqueous  Titration  8,  15  to  20  . 

Viscosity  21  to  26 

Purity  27  to  33 

Sodium  Glycolate  34  to  41 

Sodium  Chloride  42  to  48 

Density  '  49  to  53 


1.3  This  standard  may  invoke  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  dues  not  purport  to 
address  all  of  the  safety  problems  associated  with  its  use.  It  is 
the  responsibility  of  w  hoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices  and  deter¬ 
mine  the  applicability  of  regulatory  limitations  prior  to  use. 


2.  Reagents 

2.1  Purity  of  Reagents — Reagent  grade  chemicals  shall  be 
used  in  all  tests.  Unless  otherwise  indicated,  it  is  intended 
that  all  reagents  shall  conform  to  the  specifications  of  the 
Committee  on  Analytical  Reagents  of  the  American  Chem¬ 
ical  Society,  where  such  specifications  are  available.2 3  Other 
grades  may  be  used,  provided  it  is  first  ascertained  that  the 
reagent  is  of  sufficiently  high  purity  to  permit  its  use  without 
lessening  the  accuracy  of  the  determination. 

2.2  Purity  of  Water — Unless  otherwise  indicated,  refer¬ 
ences  to  water  shall  be  understood  to  mean  distilled  water. 

MOISTURE 


3.  Scope 

3.1  This  method  covers  the  determination  of  the  volatile 
content  of  sodium  carboxymethylceilulose. 


1  These  methods  ate  under  the  jurisdiction  of  ASTM  Committee  D-l  on  Paint 
and  Related  Coatings  and  Materials  and  is  the  dueu  responsibility  of  Subcom¬ 
mittee  DOI.36  on  Cellulosics. 

Current  edition  approved  June  24.  1983.  Published  September  I98J.  Originally 
published  as  D  1439  -  56  T.  Last  previous  edition  D  1439  -  83. 

3  "Reagent  Chemicals.  Amencan  Chemical  Society  Specifications."  Am.  Chem¬ 
ical  Soe  .  Washington,  DC  Tor  suggestions  on  the  testing  of  reagents  not  fisted  by 
the  American  Chemical  Society,  see  “Reagent  Chemicals  and  Standards."  by 
Joseph  Rosin.  D.  Van  Nostrand  Co..  Inc..  New  York.  N.Y..  and  the  "United  States 
Pharmacopeia." 
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3.2  The  results  of  this  test  are  used  for  calculating  the  total 
solids  in  the  sample;  and,  by  common  usage,  all  materials 
volatile  at  this  test  temperature  are  designated  as  moisture. 

4.  Apparatus 

4.1  Oven — Gravity  convection  oven,  capable  of  main¬ 
taining  a  temperature  of  105  ±  3*C. 

4.2  Weighing  Bottles,  low-form,  50-mm  inside  diameter 
by  30-mm  height,  or  equivalent. 

4.3  Analytical  Balance. 

5.  Procedure 

5. 1  Weigh  3  to  5  g  of  the  sample  to  the  nearest  0.001  gin 
a  tared  and  covered  weighing  bottle. 

5.2  Place  the  bottle  in  an  oven  at  105°C  for  2  h  with  the 
cover  removed.  Cool  the  bottle  in  a  desiccator,  replace  the 
cover,  and  weigh. 

5.3  Replace  the  sample  in  the  oven  for  30  min,  cool,  and 
reweigh. 

5.4  Continue  this  procedure  to  a  mass  loss  of  not  more 
than  5  mg  for  30  min  drying  time. 

6.  Calculation 

6.1  Calculate  the  percentage  of  moisture  as  follows. 

Moisture,  %  =  (4,'B)  x  100 

where: 

A  =  mass  loss  on  heating,  and 
B  =  grams  of  sample  used. 

7.  Precision  * 

7. 1  Statistical  analysis  of  inlcrlaboralory  test  results  on 
samples  containing  2  to  10  %  moisture  indicates  a  prccisioi 
of  ±0.2  %  absolute  at  the  95  %  confidence  level. 

DEGREE  OF  ETHERIFICATION 
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8.  Scope 


been 


8. 1  These  methods  cover  the  determination  of  the  degree 
of  etherification  (D.C.)  of  sodium  carboxymethylceilulose. 

8.2  Two  methods  arc  included  as  follows: 

8.2.1  Method  A  (Acid  Wash),  for  crude  and  purilid( 
grades  of  sodium  carboxymethylceilulose  with  degrees  tf| 
etherification  up  to  0.85.  Above  0.85  degree  of  cthcnficatioa 
slightly  low  results  may  be  obtained. 

8.2.2  Method  B  (Nonaqueous  Titration),  for  purifid 
grades  of  sodium  carboxymethylceilulose  of  all  degrees  a" 
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ahcrification.  It  is  not  applicable  to  the  crude  grades. 

Method  A — Acid  Wash 
).  Summary  of  Method 

9.1  The  water-soluble  sodium  carboxymethylcellulose  is 
(diverted  to  the  insoluble  acid  form,  purified  by  washing, 
dried,  and  then  a  weighed  sample  is  reconverted  to  the 
sodium  salt  with  a  measured  excess  of  sodium  hydroxide. 

10.  Apparatus 

10.1  Stirrer,  air-driven. 

10.2  Buchner  Funnel.  75-mm,  fitted  with  a  70-mm  fine- 
texture,  heavy-duty  filter  paper.  A  60-mm  medium-porosity, 
fritted  glass  funnel  may  also  be  used. 

10.3  Drying  Oven,  maintained  at  105*C. 

11.  Reagents 

11.1  Diphenylamine  Reagent — Dissolve  0.5  g  of diphenyl- 
tmine  in  120  mL  of  sulfuric  acid  (H2S04,  9+2).  The  ieagent 
should  be  essentially  water-white.  It  will  give  a  deep  blue 
coloration  with  traces  of  nitrate  or  other  oxidizing  agents. 

11.2  Ethyl  Alcohol  (95  volume  %) — Denatured  ethyl  al¬ 
cohol  conforming  to  either  Formula  2B,  3A,  or  30  of  the  U. 
S.  Bureau  of  Internal  Revenue. 

11.3  Ethyl  Alcohol  (80  %  by  volume) — Dilute  840  mL  of 
Formula  2B,  3A,  or  30  denatured  alcohol  to  1  L  with  water. 

11.4  Hydrochloric  Acid,  Standard  (HC1,  0.3  to  0.5  N). 

11.5  Methanol,  anhydrous. 

11.6  Nitric  Acid  (sp  gr  1.42)— -Concentrated  nitric  acid 
(HNOj). 

11.7  Sodium  Hydroxide,  Standard  Solution  (0.3  to  0.5 
tf)— Prepare  and  standardize  a  0.3  to  0.5  N  solution  of 
sodium  hydroxide  (NaOH). 

11.8  Sulfuric  Acid  (9+2)— Carefully  mix  9  volumes 
H2S04  with  2  volumes  of  water. 

12.  Procedure 

12.1  Weigh  approximately  4  g  of  the  sample  into  a 
250-mL  beaker  and  add  75  mL  of  ethyl  alcohol  (95  %).  Stir 
the  mixture  with  an  air-driven  stirrer  until  a  good  slurry  is 
obtained.  Add  5  mL  of  HN03,  while  agitating,  and  continue 
agitation  for  1  to  2  min.  Heat  the  slurry  and  boil  for  5  min. 
(Caution:  Note  1.)  Remove  the  heat  and  continue  agitation 
for  10  to  15  min. 

Note  I— Caution— Care  should  be  exercised  to  avoid  fire. 

12.2  Decant  the  supernatant  liquid  through  the  filter  and 
transfer  the  precipitate  to  the  filter  with  50  to  100  mL  of 
ethyl  alcohol  (95  %).  Wash  the  precipitate  with  ethyl  alcohol 
(80%)  that  has  been  heated  to  60‘C,  until  all  of  the  acid  has 
been  removed. 

12  3  Test  for  the  removal  of  acid  and  salts  (ash)  by  mixing 
a  drop  of  the  acid  carboxymethylcellulose  slurry  from  the 
filter  with  a  drop  of  diphenylamine  reagent  on  a  white  spot 
plate.  A  blue  color  indicates  the  presence  of  nitrate  and  the 
necessity  for  further  washing.  If  the  first  drop  of  reagent  docs 
not  produce  a  blue  color,  further  drops  should  be  added  until 
an  excess  of  reagent  is  known  to  be  present,  noting  the  color 
after  each  drop.  Four  to  six  washings  will  usually  suffice  to 
give  a  negative  test  for  nitrate. 


12.4  Finally,  wash  the  precipitate  with  a  small  amount  of 
anhydrous  methanol  and  draw  air  through  it  until  the 
alcohol  is  completely  removed.  Transfer  the  precipitate  to  a 
glass  or  aluminum  weighing  dish  provided  with  a  cover.  Heat 
the  uncovered  dish  on  a  steam  bath  until  the  odor  of  alcohol 
can  no  longer  be  detected  (in  order  to  avoid  fires  due  to 
methanol  fumes  in  the  oven),  then  dry'  the  dish  and  contents, 
uncovered  for  3  h  at  105°C.  Place  the  cover  on  the  dish  and 
cool  to  room  temperature  in  a  desiccator. 

12.5  The  sulfate  ash  content  of  the  sample  at  this  point 
should  be  less  than  0.5  %  when  determined  on  0.5  g  of  the 
sample  by  the  procedure  given  in  Section  6  of  ASTM 
Methods  D  1347,  Testing  Methylcellulose.3  If  the  ash  con¬ 
tent  is  greater  than  0.5  %,  the  sample  should  be  rewashed 
with  ethyl  alcohol  (80  %).  If  necessary,  the  procedure  de¬ 
scribed  in  12.1  to  12.4  should  be  repeated. 

12.6  Weigh,  to  the  nearest  0.01  g,  about  1  to  1.5  g  of  the 
dried  acid  carboxymethylcellulose  (depending  on  the  nor¬ 
mality  of  the  acid  and  base  to  be  used)  into  a  500-mL 
Erlenmeyer  flask.  Add  1 00  mL  of  water  and  25.00  mL  of  0.3 
to  0  5  WNaOH  solution,  while  stirring.  Heat  the  solution  to 
boiling,  and  boil  for  15  to  30  min. 

12.7  Titrate  the  excess  NaOH,  while  the  solution  is  hot, 
with  the  0  3  to  0  5  N  HC1  to  a  phenolphthalein  end  point. 

13.  Calculation 

13.1  Calculate  the  degree  of  etherification  as  follows: 

A  =  (DC-  DE)/F 

Degree  of  etherification  =  0.162.-t/(l  -  0.058A) 

where: 

A  =  niiliicquivalcnts  of  acid  consumed  per  gram  of 
sample, 

B  =  millilitres  of  NaOH  solution  added, 

C  =  normality  of  the  NaOH  solution, 

D  =  millilitres  of  HCI  required  for  titration  of  the  excess 
NaOH, 

E  =  normality  of  the  HCI, 

F  =  grams  of  acid  carboxymethylcellulose  used, 

162  =  gram  molecular  mass  of  the  anhydroglucosc  unit  x 
cellulose,  and 

58  =  r>»*t  increase  in  molecular  mass  of  anhydroglucosc 
unit  r"  <nch  carboxymethyl  group  substituted. 

14.  Precision 

14  1  The  precision  of  this  method  is  estimated  to  be 
±0.03  D.E.  units 

Method  B — Nonaqueous  Titration 

15.  Summary  of  Method 

15.1  This  measurement  is  based  upon  a  nonaqueous 
acid-base  titration.  The  sample  is  refluxed  with  glacial  acetic 
acid,  and  the  resulting  sodium  acetate  is  titrated  with  a 
standard  solution  of  perchloric  acid  in  dioxanc,  to  a  potenti- 
omctric  end  point.  Impurities  containing  alkaline  sodium 
will  also  be  titrated  under  these  conditions.  Sodium  chloride 
docs  no'  interfere. 
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16.  Apparatus 

16.1  pH  Meier,  equipped  with  a  standard  glass  electrode 
and  a  calomel  electrode  modified  as  follows: 

16.1.1  Discard  the  aqueous  potassium  chloride  solution, 
then  rinse  and  fill  with  the  calomel  electrode  solution  as 
described  in  17.2. 

16.1.2  Add  a  few  crystals  of  potassium  chloride  and  silver 
chloride  or  silver  oxide  to  the  electrode.. 

16.2  Buret,  micro,  10-mL  capacity. 

17.  Reagents 

17.1  Acetic  Add.  glacial. 

17.2  Calomel  Electrode  Solution — Add  2  g  of  potassium 
chloride  .(KC1)  and  2  g  of  silver  chloride  (AgCl)  or  silver 
oxide  (Ag20)  to  iOO  mL  of  methanol  and  shake  thoroughly 
to  saturate.  Use  the  supernatant  liquid. 

17.3  J ,4-Dio.xane.4 

17.4  Perchloric  Acid  (0.1  N) — Add  9  mL  of  concentrated 
perchloric  acid  (HC104,  70  %  to  1  L  of  dioxanc,  with  stirring 
(Caution,  Note  2).  Store  in  an  amber  glass  bottle.  Any  'light 
discoloration  that  appears  on  standing  may  be  disregard. 

Note  2— Caution — The  solution  of  perchloric  acid  in  dioxanc 
shcjld  never  be  heated  or  allowed  to  evaporate. 

17.4.1  Standardize  the  solution  as  follows:  Dry  potassium 
acid  phthalate  for  2  h  at  120'C.  Weigh  2.5  g  to  the  nearest 
0.0001  g  into  a  250-mL  volumetric  flask.  Add  glacial  acetic 
acid,  shake  to  dissolve,  and  then  make  up  to  volume  and  mix 
thoroughly.  Pipct  10  mL  into  a  100-mL  beaker  and  add  50 
mL  of  acetic  acid.  Place  on  a  magnetic  stirrer  and  insert  the 
electrodes  of  the  pH  meter.  Add  nearly  the  required  amount 
of  HCI04  from  a  buret,  then  decrease  the  increments  to  0.05 
mL  as  the  end  point  is  approached.  Record  Lie  millilitres  of 
titrant  versus  millivolts,  and  continue  the  '.:„ation  a  few 
millilitres  beyond  the  end  point.  Plot  the  titration  curve  and 
read  the  volume  of  titrant  at  the  inflection  point.  Calculate 
the  normality  as  follows: 

Normality  =  (.-1  x  10  x  l000)/(/7  x  204.22  x  250) 
where:  •  . 

A  =  grams  of  potassium  acid  phthalate  used, 

B  =  millilitres  of  HCI04  added, 

204.22  =  gram  molecular  mass  of  potassium  acid  phthalate, 
10  =  millilitres  of  potassium  acid  phthalate  solution 

added,  and 

250  =  millilitres  of  glacial  acetic  acid  used  to  dissolve 

potassium  acid  phthalate. 

17.5  Potassium  Acid  Phthalate,  primary  standard.  Na¬ 
tional  Bureau  of  Standards  standard  sample  No.  84. 

18.  Procedure 

18.1  Weigh  0.2  g  of  the  sample,  to  the  nearest  0.0001  g, 
into  a  250-mL  Erlcnmeycr  flask  with  ground  glass  joint.  Add 
75  mL  of  acetic  acid,  connect  to  a  water  cooled  conJcns'r, 
and  reflux  gently  on  a  hot  plate  for  2  h. 

18.2  Cool,  and  transfer  the  solution  to  a  250-mL  beaker 
with  the  aid  of  50  mL  of  acetic  acid.  Place  on  the  magnetic 


4  1.4-Diounc  available  a\  Fasiman  Cs'jiog  No  2144  or  Maicson, 

Coleman.  anO  Bell  Catalog  No.  CB368  has  been  found  satisfactory  for  this 
purpose. 


1 


stirrer  and  titrate  to  a  potcntiometric  end  point  with  0.1  N 
HC104  in  accordance  with  17.4. 

19.  Calculation 

19.1  Calculate  the  degree  of  etherification  as  follows  (Note 
3): 

M  =  ( AN  x  100)/((7  x  (100  -  B)) 

Degree  of  etherification  =  0.162  A//{  1 .000  -  (0.080  A/)) 

„  t  • 

'  -  millicquivalcnts  of  acid  consumed  per  gram  of 
sample, 

4  =  millilitres  of  HCI04  added, 

/v  -  normality  of  HCI04, 

■  =  grams  of  sample  used, 

J  =  percent  moisture,  determined  on  a  separate  sample, 
in  accordance  with  Sections  3  to  6. 

162  =  gram  molecular  mass  of  an  anhydroglucose  unit  of 
cellulose,  and 

80  =  net  increase  in  molecular  mass  of  an  anhydroglucose 
unit  for  each  sodium  carboxymcthyl  group  added. 

Note  3 — The  rcsi.lt  calculated  in  accordance  with  Section  17  in¬ 
cludes  the  alkaline  sodium  from  sodium  glycolatc;  however,  if  the  latter 
is  levs  than  0.5  %,  the  interference  is  negligible. 

20.  Precision 

.  20.1  Statistical  analysis  of  •  >lcrlaboratory  test  results  indi¬ 
cates  the  precision  of  this  method  as  shown  below: 

Approximate  Precision.  D.E.  Units 

D.E.  Level  (95  ft  Congdence  Level) 

0.40  .  ±0.010 

0.80  ±0.0  i  2 

1.35  ±0.033 

I  *  ,* 

VISCOSITY 


21.  Scope  '  :  ; 

21.1  This  is  an  arbitrary  method  of  determining  the  | 
viscosity  of  aqueous  solutions  of  sodium  carboxymcthyl-  : 
cellulose  in  the  viscosity  range  from  10  to  iO  000  cP  at  25'C  ;. 

21.2  The  concentration  to  be  used  for  the  test  should  be  • 

agreed  upon  between  the  purchaser  and  the  seller.  It  should  ' 
be  such  that  the  viscosity  of  the  solution  will  fall  within  the 
range  of  this  test.  . 

21.3  The  results  for  the  viscosity  of  sodium  carboxy-  '■ 
mclhylccllulosc  by  this  method  will  not  necessarily  check  ’ 
with  results  from  other  types  of  instruments  used  Tor 
viscosity  measurements. 

21.4  The  determinations  arc  run  on  a  calculated  dry  basis  ; 
that  is,  the  amount  of  sodium  carboxy  mclhylccllulosc  rc-  ’ 
quired  for  the  desired  concentration  on  a  dry  basis  is ; 
calculated  from  the  known  moisture  content. 

21.5  This  method  is  intended  for  referee  purposes.  The 

3rookficld  spindles  and  speeds  given  in  Table  1  arc  recom¬ 
mended  for  this  purpose,  but  slight  derivations  from  the  ! 
table  ma,  occasionally  be  found  convenient  for  individu  i 
application.  t 
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TABLE  1  Viscomotor  Splndlos  Required  for  Given  Speeds 


Viscosity 

Range, 

cP 

Spindle 

No. 

Speed. 

rpm 

Scale 

Factor 

10  to  100 

1 

60 

100 

1 

100  to  200 

1 

30 

100 

2 

200  to  1000 

2 

30 

100 

10 

1000  to  4000 

3 

30 

100 

40 

4000 ioooo 

4 

30 

too 

200 

22.  Apparatus 

22.1  Viscometer,  Brookfield  type.5 

22.2  Container—  Glass  jar,  approximately  23/s-in.  (60- 
Em)  in  diameter  and  5'/t  in.  '133  mm)  deep,  unconstricted 
lithe  top,  capacity  8  oz  (2.J  m3). 

22.3  Analytical  Balance. 

22/  Mechanical  Stirrer — Stirrer  constructed  of  either 
stainless  steel  or  glass  (Fig.  I)6  attached  to  a  variable  speed 
noto-  capable  of  operating  at  800  ±  100  rpm  under  varying 
bad  conditions. 

22.5  Water  Bath,  constant-temperature,  set  at  25°C  and 
cpable  of  maintaining  that  temperature  within  ±0.2°C. 

22.6  Thermometer — ASTM  Saybolt  Viscosity  Thermom¬ 
eter  having  a  range  from  19  to  2TC  and  conforming  to  the 
requirements  for  Thermometer  17C,  as  prescribed  in  ASTM 
Specification  E  1 ,  for  ASTM  Thermometers.7 

23.  Procedure 

23.1  Determine  moisture  in  accordance  with  Sections  3  to 

23.2  Calculate  the  dry-basis  sample  mass  necessary  to 
make  240  g  of  test  solution  as  follows: 

Mass  of  sample,  g  =  100^1/(100  -  B) 

where: 

A  =  desired  dry  mass  of  sample,  g,  and 
B  =  percentage  of  moisture  in  the  sample  as  received. 

23.3  Calculate  the  quantity  of  distilled  water  required  as 
follows: 

V=  240  -  5 

where: 

V  =  volume  of  distilled  wr/ar.  ml,  and 
S  =  mass  of  sample,  g. 

23.4  Add  the  calculated  quantity  of  water  to  the  jar. 
Position  the  stirrer  in  the  jar  allowing  minimum  clearance 
between  the  stirrer  and  the  bottom  of  the  container. 

23.5  Begin  stirring  and  slowly  add  the  sodium  carboxy- 
methylceHuIose  sample.  Adjust  the  stirring  speed  to  approx¬ 
imately  800  ±  100  rpm  and  mix  for  exactly  2  h.  Do  not  allow 
the  stirring  speed  to  exceed  900  rpm  since  higher  speeds  tend 
to  affect  viscosity  on  certain  grades  of  sodium  carboxy- 
methylccllulosc. 

Note  4 — If  the  sample  is  added  loo  rapidly,  agglomeration  will 
occur.  This  may  prevent  complcic  dissolution  within  the  required 
string  ;ir,.e. 


’Model  L\G.  Rrookficid  Engineering  I -otxirjioucs.  Inc.,  Sioughlon,  Maj.  or 
etjnilent,  has  been  found  cimfictory  for  this  rneihoJ. 

•  Snrrers  made  »uh  I'.'i-in.  (JS-mm).  ihree-bladcd  propellers  available  from  A. 
H  Thomas  Co..  PO.  Box  779,  Philadelphia.  Pa.  19105,  Catalog  No.  9240K  have 
iSo  been  found  sansfaciory  for  ihis  purpose. 
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MAT’L- STAINLESS  STEEL  MAT’L.-PYREX  GLASS 
PROPELLERS  -  9  5°  PITCH,  DOWNDRAFT 


In. 

mm 

In. 

>  mm 

Vie 

1.5 

»/u 

7 

V% 

3 

V,s 

7.9 

Vie 

4.8 

15.8 

’/« 

6.4 

1V4 

38 

9V6 

241 

FIG.  1 

Stirrer  Blade 

23.6  Remove  the  stirrer  and  transfer  the  sample  container 
to  the  constant-temperature  bath  for  I  h.  Check  the  sample 
temperature  with  a  thermometer  at  the  end  of  1  h  to  ensure 
that  the  test  temperature  has  been  reached. 

23.7  Remove  the  sample  container  from  the  bath  and 
shake  vigorously  for  10  s.  Measure  the  viscosity  with  the 
Brookfield  viscometer,  selecting  the  proper  spindle  and  speed 
from  Table  1.  Allow  the  spindle  to  rotate  until  a  constant 
reading  is  obtained. 

24.  Calculation 

24. 1  Calculate  the  viscosity  as  follows: 

Viscosity,  cP  =  reading  x  factor 

25.  Report 

25.1  Report  the  results  as  Brookfield  viscosity  at  25  C, 
stating  the  solution  concentration  and  the  spindle  and  _.,>ccd 
used. 

26.  Precision 

26.1  The  difference  between  the  average  of  the  results 
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obtained  by  a  given  operator  using  a  given  viscometer  and 
the  average  of  the  results  obtained  by  a  different  operator 
using  a  different  viscometer  should  not  exceed  10  %  of  the 
mean  of  the  averages. 

PURITY  OF  CRUDE  SODIUM 
CARBOXYMETHYLCELLULOSE 


27.  Scope 

27.1  This  method  covers  the  determination  of  purity  or 
percentage  of  active  ingredienr  in  crude  sodium  carboxy- 
melhylcellulose  containing  no  phosphate.  The  method  has 
been  standardized  on  materials  having  a  degree  of 
etherification  of  about  0.85  or  less. 

27.2  For  determination  of  purity  of  refined  sodium  car- 
boxymethylcellulose  (purity  approximately  98  %  or  higher), 
analysis  for  individual  or  combined  impurities  and  calcula¬ 
tion  of  purity  by  difference  will  give  more  reliable  results. 

28.  Summary  of  Method 

28.1  A  3-g  sample  is  stined  mechanically  in  a  beaker  for 
15  min  with  each  of  two  150-mL  portions  of  ethanol  (80  % 
by  volume)  at  a  temperature  of  60  to  65‘C.  The  supernatant 
liquid  is  decanted  through  a  tared  filtering  crucible  aftc  ea.i. 
treatment.  The  undissolved  matter  is  transferred  quantita¬ 
tively  to  the  crucible,  dried,  weighed,  and  calculated  as 
percentage  of  sodium  carboxymethylcellulose.  The  tempera¬ 
ture  of  the  ethanol  during  the  leaching  need  not  be  closely 
controlled,  but  the  concentration  of  the  ethanol  must  be 
closely  controlled  (sp  gr  within  0.001). 

29.  Apparatus 

29.1  Filtering  Crucible,  fritted  glass,  medium-porosity, 
50-mL  apacity.8 

29.2  Mechanical  Stirring  Motor,  electric  or  air-driven, 
with  any  convenient  stirrer  of  appropriate  size. 

29.3  Water  Bath,  constant-temperature,  maintained  at  60 
to  65*C. 

29.4  Cover — A  lid  to  keep  a  400-mL  beaker  substantially 
covered  during  mechanical  stirring  in  bath.  A  flanged  lid, 
preferably  of  stainless  steel,  with  a  slot,  wide  enough  to  pass 
the  shaft  of  the  mechanical  stirrer,  cut  from  the  rim  to  the 
ccnlu',  has  been  found  satisfactory.  The  center  should  be  cut 
out  somewhat  larger  than  the  shaft  of  the  stirrer  to  permit 
free  rotation  of  the  stirrer.  Such  a  lid  serves  to  weight  down 
the  beaker  as  well  as  to  minimize  the  evaporation  losses 
during  leaching. 

30.  Reagents 

30.1  Ellianoi  (95  volume  %)— Undcnatured  or  specially 
denatured  ethanol  conforming  to  Formula  23  (Note  5)  of  the 
U.  S.  Bureau  of  Internal  Revenue. 

Note  5— Oilier  grades  of  denatured  alcohol,  such  as  Formula  3A, 
arc  not  satisfactory  for  this  purpose. 

30.2  Ethanol  (80  volume  To) — Dilute  840  mL  of  95  °b 
ethanol  (30.1)  to  1  L  with  water.  The  specific  gravity  should 


'Corning  No  4161 20  available  from  A  II  Thomas  Co.  P  O  Oo*  779. 
Philadelphia.  Pa.  IVI05.  Catalog  No.  4 142-C  SO  M.  has  been  found  satisfactory  for 
this  purpose. 


be  0.857  ±  0.001  at  25/25°C.  If  necessary,  add  water  or 
ethanol  until  the  specific  gravity  is  within  the  specified  limits. 

30.3  Ethyl  Ether,  anhydrous,  ethanol-free. 

31.  Procedure 

31.1  Weigh  3  to  5  g  of  the  sample  into  a  tared  low-form, 
65-mm  diameter  glass  weighing  dish  fitted  with  a  cover.  Dry 
to  constant  mass  at  105  ±  l’C  in  either  a  gravity  or  a 
mechanical  convection  oven.  Weigh  at  the  end  of  an  initial 
2-h  heating  period,  then  continue  with  30-min  heating 
periods  until  the  change  in  mass  during  a  30-min  heating 
period  is  not  more  than  0.10  %.  If  there  is  an  increase  in 
mass  of  the  sample  during  one  or  more  drying  periods, 
record  the  lowest  mass  observed  as  the  mass  for  use  in  the 
calculation  of  moisture  content.  Calculate  the  loss  in  mass  as 
the  percentage  of  moisture  in  the  sample. 

31.2  Weigh  3  ±  0.1  g  of  the  sample,  in  the  “as-received" 
condition,  to  the  nearest  0.001  g  and  transfer  to  a  400-mL 
beaker. 

31.3  Add  150  mL  of  ethanol  (80  %)  that  has  been  heated 
to  between  60  and  65<>C,  and  immediately  place  the  beaker 
in  a  constant-temperature  water  bath  maintained  at  60  to 
65°C.  The  level  of  the  water  in  the  bath  should  be  somewhat 
higher  than  the  level  of  the  liquid  in  the  beaker.  Cover  the 
beaker  as  completely  as  possible  with  a  lid  that  will  permit 
mechanical  stirring.  Lower  a  mechanical  stirrer  almost  to  the 
bottom  of  the  beaker,  and  stir  for  10  min  at  a  rate  suitable  to 
provide  good  agitation  without  spattering  material  on  the 
walls  of  the  beaker  above  the  liquid  level. 

31.4  Stop  t’...  stirrer.  Allow  the  undissolved  matter  to 
settle  with  the  ueaker  still  in  the  bath,  and  then  decant  the 
hot  supernatant  liquid  as  completely  as  possible  through  a 
tared,  fritted-glass  filtering  crucible. 

31.5  Add  1 50  mL  of  ethanol  (80  %),  at  60  to  65’C  to  the 
beaker  and  proceed  in  accordance  with  31.3  and  31.4. 

31.6  After  decanting  the  supernatant  liquid  as  completely 
as  possible,  transfer  the  insoluble  matter  to  the  crucible  with 
the  aid  of  ethanol  (80  %)  at  60  to  65°C  in  a  wash  bottle,  being 
careful  to  scrape  ail  insoluble  matter  from  the  lid,  the  stirrer, 
and  the  beaker.  A  total  of  about  250  mL  of  ethanol  (80") 
will  normally  be  required  to  transfer  the  insoluble  matter  to 
the  crucible  and  to  further  wash  the  insoluble  matter  in  the 
crucible.  During  the  operations  prescribed  in  this  paragraph, 
suction  should  be  applied  only  while  filtration  is  in  progress. 
Every  effort  should  be  made  to  avoid  drying  out  of  the  filter 
cake.  If  fines  appear  to  pass  through  the  filter,  use  only  gentle 
suction. 

31.7  Wash  the  residue  in  the  crucible  with  50  mLof 
ethanol  (95  %)  at  room  temperature,  and  finally  with  several 
portions  of  ether  at  room  temperature  (Note  6).  Without 
permitting  suction  to  continue  longer  than  necessary,  place 
the  crucible  in  a  beaker  or  weighing  bottle  on  the  steam  bath 
until  no  odor  of  ether  can  be  detected. 

Note  6—' Thorough  washing  with  ether  is  necessary  io  remott 
ethanol  completely  from  (he  insoluble  mailer.  If  ethanol  is  not  cor> 
plctcl)  removed  before  oven  drying,  it  may  not  be  completely  rcmoid 
during  the  oven  drying. 

31.8  Place  the  crucible  in  an  oven  at  105  ±  l’C  for  I  h. 
Stir  the  contents  of  the  crucible  with  a  dissecting  needle  a 
thin  rod  (preferably  of  smooth-surfaced  metal)  to  breakup 
the  cake  and  facilitate  complete  drying.  Again,  dry  at  105  i 
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i'Cfor  1  h.  Place  the  crucible  in  a  desiccator.  Cover  it  with  a 
Hat  glass  plate,  weighing  bottle  cover,  or  other  suitable  cover 
to  minimize  absorption  of  moisture  from  the  atmosphere  in 
the  desiccator;  and  cool  to  room  temperature  (at  least  30 
□in.).  Weigh  the  uncovered  crucible  as  rapidly  as  possible. 
31.9  Dry  the  crucible  for  additional  1-h  periods  until  the 
change  in  mass  during  a  1-h  drying  period  does  not  exceed 
G.003  g.  If  increases  in  mass  are  observed  after  such 
additional  drying  periods,  record  the  lowest  mass  observed  as 
the  mass  of  the  crucible  plus  dry  sodium  carboxymethyl- 
cdlulosc. 

32.  Calculation 

32.1  Calculate  the  percentage  of  sodium  carboxymelhyl- 
cdlulose  on  the  dry  basis  as  follows: 

Sodium  carboxymcthylcellulose,  %  =  (A  X  10,000)/(Z?  (100  -  C)) 
where: 

A  =  mass  of  dried  residue, 

B  =  mass  of  sample  used,  and 
C  =  percentage  of  moisture  in  the  sample  as  received. 

33.  Precision 

33.1  Statistical  analysis  of  interlaboratory  test  results  indi¬ 
cate  a  precision  of  ±0.6  %  absolute  at  the  95  Co  confidence 
level. 

SODIUM  GLYCOLATE 

34.  Scope 

34.1  This  method  covers  the  determination  of  the  sodium 
glycolate  content  of  purified  sodium  carboxymcthylcellulose 
containing  not  more  than  2.0  %  sodium  glycolate. 

35.  Summary  of  Method 

35.1  The  sodium  carboxymcthylcellulose  is  dissolved  in 
acetic  acid  (50  %),  precipitated  with  acetone  and  sodium 
sulfate  and  the  insoluble  material  filtered  off.  The  filtrate 
containing  the  sodium  glycolate  (as  glycolic  acid)  is  treated  to 
remove  the  acetone  and  reacted  with  2,7-dihydroxy  naphtha¬ 
lene.  The  resulting  color  is  measured  at  540  nm  with  a 
spectrophotometer  calibrated  with  known  solutions. 

36.  Apparatus 

36.1  Spectrophotometer  or  Filter  Photometer,  suitable  for 
measuring  absorbance  at  540  nm. 

36.2  Absorption  Cells,  for  spectrophotometer,  I -cm  light 
path. 

36.3  Aluminum  Foil — Cut  to  approximately  2-in.  (51- 
mm)  squares. 

37.  Reagents 

37.1  Acetic  Acid,  glacial. 

37.2  Acetone. 

37.3  Dihydroxy  Naphthalene  Reagent  (0. 100  g/litrc) — 
Dissolve  0.100  g  of  2,7-dihydroxy  naphthalene  in  I  litre  of 
sulfuric  acid  (H^SOj).  Before  using,  allow  the  solution  to 
stand  until  the  initial  yellow  color  disappears.  If  the  solution 
is  very  dark,  discard  it  and  prepare  a  new  solution  from  a 
different  supply  of  H2S04.  This  solution  is  stable  for  approx¬ 
imately  1  month  if  stored  in  a  dark  bottle. 


37.4  Glycolic  Acid,  Standard  Solution  (1  mg  glycolic 
acid/mL) — Dry  several  grams  of  glycolic  acid  in  a  desiccator 
at  room  temperature  overnight.  Accurately  weigh  0.100  g  of 
the  dried  material,  dissolve  in  water,  and  make  up  to  volume 
in  a  100-mL  volumetric  flask.  This  solution  will  contain  1 
mg  of  glycolic  acid/mL.  The  solution  is  stable  for  approxi¬ 
mately  I  month. 

37.5  Sodium  Sulfate  (Na2S04). 

37.6  Sulfuric  Acid  (sp  gr  1.84) — Concentrated  H2S04. 

38.  Preparation  of  Calibration  Curve 

38.1  Into  a  series  of  five  100-mL  .volumetric  flasks, 
accurately  introduce  1,  2,  3,  and  4-mL  aliquots  of  the 
standard  glycolic  acid  solution,  reserving  the  fifth  flask  for  a 
blank.  Add  sufficient  water  to  each  flask  to  give  a  total 
volume  of  5  mL.  Add  5  mL  of  glacial  acetic  acid,  make  up  to 
volume  with  acetone  and  mix.  These  solutions  will  contain 
0,  1,  2,  3  and  4  mg  of  glycolic  acid,  respectively. 

38.2  Pipet  2  mL  of  each  of  these  solutions  into  individual 
25-rnL  volumetric  flasks.  Place  the  uncovered  flasks  upright 
in  a  boiling  water  bath  for  exactly  20  min  to  remove  the 
acetone.  Remove  the  flasks  from  the  bath  and  cool. 

38.3  To  each  flask,  add  20  mL  of  2,7-dihydroxy  naphtha¬ 
lene  reagent  as  follows.  Add  5  mL  of  reagent  initially,  mix 
thoroughly,  then  add  the  remaining  15  mL  of  reagent  and 
mix.  Cover  the  mouth  of  the  flasks  with  a  small  piece  of 
aluminum  foil  and  place  upright  in  the  boiling  water  bath  for 
20  min.  Remove  from  the  bath,  cool,  and  make  up  to 
volume  with  H2S04. 

38.4  Measure  the  absorbance  of  each  solution  at  540  nm 
against  the  blank  solution.  Plot  the  milligrams  of  glycolic 
acid  in  the  original  100  mL  of  solution  against  absorbance  to 
give  a  calibration  curve. 

39.  Procedure 

39.1  Weigh  about  0.5  g  of  the  sample  (0.2  g  for 
semirefined  grades)  to  the  nearest  0.001  g  and  transfer  to  a 
100-mL  beaker.  Moisten  the  sample  thoroughly  with  5  mL 
of  acetic  acid  followed  by  5  mL  of  water,  and  stir  with  a  glass 
rod  until  solution  is  complete  (usually  about  15  min  is 
required).  Slowly  add  50  mL  of  acetone,  stirring  during 
addition,  followed  by  approximately  1  g  of  NaCI.  Stir  several 
minutes  to  ensure  complete  precipitation  of  the  carboxy- 
mcthylcellulose. 

39.2  Filter  through  a  soft,  open-texture  paper,  previously 
wetted  with  a  small  amount  of  acetone,  and  collect  the 
filtrate  in  a  100-mL  volumetric  flask.  Use  an  additional  30 
mL  of  acetone  to  facilitate  transfer  of  the  solids  and  to  wash 
the  filter  cake.  Make  up  to  volume  with  acetone  and  mix. 

39.3  Prepare  a  blank  solution  containing  5  mL  of  water 
and  5  mL  of  glacial  acetic  acid  in  another  100-mL  volu¬ 
metric  flask.  Make  up  to  the  mark  with  acetone  and  mix. 

39.4  Pipet  2  mL  of  the  solution  from  the  sample  and  2 
mL  of  the  blank  solution  into  separate  25-ml  volumetric 
flasks.  Develop  the  color  and  measure  the  absorbance  in 
accordance  with  38.2  to  38.4. 

39.5  Using  the  observed  absorbance,  refer  to  the  calibra¬ 
tion  curve  and  read  the  corresponding  milligrams  of  glycolic 
acid. 

40.  Calculation 

40.1  Calculate  the  sodium  glycolate  content  as  follows. 
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Sodium  giycolate,  %  =  (D  x  \2.9)l{\Vx  (100-/1)] 

where: 

B  =  milligrams  of  glycolic  acid,  read  from  the  calibration 
curve, 

IV  =  grams  of  sample  used, 

A  —  percentage  of  moisture  in  the  sample  as  received,  and 
12.9  =  (gram  molecular  mass  of  sodium  giycolate  per  gram 
molecular  mass  of  glycolic  acid)  x  10. 

41.  Precision 

41.1  Statistical  analysis  of  intralaboratory  data  on  mate¬ 
rial  containing  less  than  0.50  %  sodium  giycolate  indicate  a 
precision  of  ±0.03  %  absolute  at  the  95  %  confidence  level. 

SODIUM  CHLORIDE 


42.  Scope 

42. 1  This  method  covers  the  determination  of  the  sodium 
chloride  content  of  purified  sodium  carboxymclhylccllulose. 

43.  Summary  of  Method 

43.1  The  sodium  carboxymcthylcellulose  is  dissolved  in 
water  and  titrated  with  a  standard  solution  of  silver  nitrate  to 
a  potcntiomctric  end  point.  Hydrogen  peroxide  is  added  to 
reduce  the  viscosity  of  the  solution. 

44.  Apparatus 

44.1  pH  Meier,  equipped  with  a  silver  electrode  and  a 
mercurous  sulfate-potassium  sulfate  electrode. 

.  44.2  Buret,  micro,  10-mL  capacity. 

/ 

45.  Reagents 

45.1  Hydrogen  Peroxide  (30  mass  %) — Concentrated  hy¬ 
drogen  peroxide  (H202). 

45.2  Nitric  Add  (sp  gr  1.42) — Concentrated  nitric  acid 

(HN03). . 

45.3  Silver  Nitrate,  Standard  Solution  (0. 1  N) — Dissolve 
17.0  g  of  silver  nitrate  (AgN03)  in  1  L  of  water.  Store  in  an 
amber  glass  bottle.  Standardize  the  solution  as  follows: 

45.3.1  Dry  the  sodium  chloride  (NaCl)  for  2  h  at  120’C. 
Weigh  0.65  g  to  the  nearest  0.0001  g,  into  a  250-mL  beaker 
and  add  100  mL  of  water.  Place  on  a  magnetic  stirrer,  add  10 
mL  of  HN03,  and  insert  the  electrodes  of  the  pH  meter.  Add 
nearly  the  required  amount  of  AgN03  solution  from  a  buret, 
then  decrease  the  increments  to  0.05  mL  as  the  end  point  is 
approached.  Record  the  millilitres  of  tilrant  versus  millivolts, 
and  continue  the  titration  a  few  millilitres  beyond  the  end 
point.  Plot  the  titration  curve  and  read  the  volume  of  titrant 
at  the  inflection  point.  Calculate  the  normality  as  follows: 

Normality  =  (/!  x  I000)/(tf  x  58.45) 

where: 

A  =  grams  of  NaC!  used, 

B  =  millilitres  of  AgN03  solution  added,  and 
58.45  =  gram  molecular  mass  of  NaCl. 

45.4  Sodium  Chloride  (NaCl). 

46.  Procedure 

46.1  Weigh  5  g  of  the  sample,  to  the  nearest  0.0001  g.  into 
a  250-mL  beaker.  Add  50  mL  of  water  and  5  mL  of  fl202 
(30  %).  Place  the  beaker  on  a  steam  bath,  stirring  occasion¬ 


ally  to  achieve  a  nonviscous  solution.  If  solution  is  net  i 
complete  after  20  min,  add  5  mL  more  of  H202  and  he!  ' 
until  solution  is  complete.  ■. 

46.2  Cool  the  beaker,  add  100  mL  of  water  and  10  mLd 
HN03.  Place  it  on  the  magnetic  stirrer  and  titrate  to  t  • 
potentiometric  end  point  with  0. 1  A'AgNOj  solution  in  45.1  ‘ 


47.  Calculation 

47.1  Calculate  the  sodium  chloride  content  as  follows: 
Sodium  chloride,  %  =  (AN  x,584.5)/[G  x  (100  -  ZJ)) 


l 
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£ 
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where:  ; 

A  =  millilitres  of  AgN03  solution  added, 

N  =  normality  of  AgN03  solution,  ' 

G  =  grams  of  sample  used, 

B  =  percent  moisture,  determined  on  a  separate  sample  ' 
in  accordance  with  Sections  3  to  6,  and  I 

584.5  =  gram  molecular  mass  of  NaCl  x  10. 


48.  Precision  i 

48.1  The  precision  of  this  method  is  estimated  to  h  ; 
±0.05  %  absolute  for  material  containing  less  than  0.505  ; 
sodium  chloride  and  ±0.10  %  absolute  for  material  co:  ; 
taining  greater  than  0.59  %  sodium  chloride. 


DENSITY 


49.  Scope  | 

49.1  This  method  covers  the  determination  of  the  buli 
density  of  sodium  carboxymclhylccllulose. 

50.  Summary  of  Method 


50.1  A  weighed  amount  of  sodium  carboxymcthp :. 
cellulose  is  transferred  to  a  250-mL  graduated  cylinder  arz 
the  graduate  vibrated  to  settle  the  powder.  i 


51.  Apparatus 


51.1  Vibrator— A  magnetic-type  electric  vibrator  attache  .-. 
to  the  vertical  support  rod  of  a  ring  stand  approximately  It  i 
(0.3  m)  above  the  base.  A  condenser  clamp  of  sufficient  $12  :• 
to  hold  a  250-mL  graduated  cylinder  also  shall  be  attachedt  I 
the  above  rod.  The  base  of  the  stand  should  be  weighted. 

• 

52.  Procedure  1 


52.1  Place  50.0  g  of  sodium  carboxymclhylccllulose  ini ! 
250-mL  graduated  cylinder  and  place  it  in  the  condense  i 
clamp.  Turn  on  the  vibrator  and  allow  the  cylinder  to  vibras  - 
for  3  min.  Record  the  level  (in  millilitres)  to  which  &  : 
sample  has  compacted. 

52.2  Alternatively,  the  sample  may  be  compacted  man? 
ally.  Tap  it  on  a  hard  surface  by  dropping  the  cylind: 
repeatedly  from  a  height  of  about  1  in.  (25  mm)  until  th 
volume  of  the  sample  remains  constant.  In  order  to  proves  • 
cylinder  breakage,  cover  the  tapping  surface  with  a  'a  t  . 
'/4-in.  (3  to  6-ir.m)  thick  rubber  sheet  or  use  a  plasti 
graduated  cylinder. 


53.  Calculation 

53.1  Calculate  the  density  as  follows: 

Density.  g/mL  =  50/obscrvcd  reading,  nil. 
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Standard  Test  Method  for  ... 
Density  of  Bentonitic' Slurries1 


This  standard  is  issued  under  the  fixed  designation  D  4380,  the  number  immediately  following  the  designation  indicates  the  year  of 
original  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  reapproval.  A 
superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapproval. 


~1.  Scope 

£  1.1  This  test  method  covers  the  determination  of  the 
[density  of  slurries  used  in  slurry  construction  techniques, 
dsuch  as  are  used  for  barriers  to  control  the  horizontal 
[movement  of  liquids.  This  test  method  is  modified  from  API 
Recommended  Practice  13B. 

j  ■  1.2  This  standard  may  involve  hazardous  materials,  oper- 

■  ations',  and  equipment.  This  standard  does  not  purport  to 
£  address  all  of  the  safety  problems  associated  with  its  use.  It  is 
i  the  responsibility  of  whoever  uses  this  standard  to  consult  and 
f  establish  appropriate  safety  and  health  practices  and  deter- 
i  mine  the  applicability  of  regulatory  limitations  prior  to  use. 

i:  2.  Referenced  Documents 

is  " 

t.  2.1  ASTM  Standards: 

'f.  D  653  Terminology  Relating  to  Soil,  Rock,  and  Contained 

■| 1  Fluids2  ... 

f-.  2.2  American  Petroleum  Institute  (API)  Standard: 

^  API  RP  1 3B  Recommended  Practice  Standard  Procedure 
|  for  Testing  Drilling  Fluids  (Section  l)3 

w 

T  3.  Terminology  - 

2k 

#  ■  3. 1  For  definitions  of  terms  relating  to  this  test  method, 

■  refer  to  Terminology  D  653. 

1  4.  Summary  of  Method 

;•  4.1  The  mud  balance  is  the  instrument  generally  used  for 
this  test  method.  The  weight  of  a  fixed  volume  of  the  slurry  is 
''  measured  by  moving  a  rider  counterweight  along  a  graduated 
scale.  The  density  of  the  slurry  is  then  read  directly  off  the 
graduated  scale  after  the  instrument  is  balanced. 

5.  Significance  and  Use 

5. 1  This  test  method  provides  for  the  determination  of  the 
density  of  bentonitic  slurries  in  the  laboratory  and  field.  For 
freshly  mixed  slurry,  this  test  method  may  be  used  as  an 
indicator  of  mix  proportions.  For  in-trench  slurry,  a  certain 
value  may  „  •  specified  for  maintaining  trench  stability. 

6.  Apparatur 

6.1  Mud' Balance — Any  instrument  of  sufficient  accuracy 
to  permit  measurement  within  ±0.01  g/cm3  may  be  used, 
however,  the  mud  balance  is  the  instrument  generally  used 


1  This  lest  method  is  under  the  jurisdiction  of  ASTM  Committee  D- 1 8  on  Sot! 
and  Rock  and  is  the  direct  responsibility  of  Subcommittee  DI3  30  on  imperme¬ 
able  Barriers. 

Current  edition  approved  June  39.  1984  Published  September  1984 
J  Annual  Bock  of  ASTM  Standards,  Vol  O'.  08 

’Available  from  the  American  Petroleum  Institute.  2101  L  S(„  NW. 
Washington.  DC  3003'.. 


(see  Fig.  1).  The  mud  balance  consists  of  a  mud  cup  attached 
to  one  end  of  a  beam  which  is  balanced  on  the  other  end  by 
a  fixed  counterweight  and  a  rider  free  to  move  along  a 
graduated  scale.  A  level  bubble  is  mounted  on  the  beam. 
Attachments  for  extending  the  range  of  the  balance  may  be 
used. 


7.  Calibration 

7.1  The  instrument  should  be  calibrated  frequently  with 
fresh  water.  Fresh  water  should  give  a  reading  of  1.00  g/cm3 
at  70°F  (21.  PC).  If  it  does  not,  adjust  the  balancing  screw  or 
the  amount  of  lead  shot  in  the  well  at  the  end  of  the 
graduated  arm  as  required. 


8.  Procedure  •  • 

'  8. 1  Set  up  the  instrument  base  approximately  level. 

8.2  Fill  the  clean,  dry  cup  with  slurry  to  be  tested,  place 
the  cap  on  the  cup,  and  rotate  the  cap  until  firmly  seated. 
Make  sure  some  of  the  slurry  is  expelled  through  the  hole  in 
the  cap  to  free  trapped  air  or  gas. 

8.3  Wash  or  wipe  the  excess  sluny  from  the  outside  of  the 
cup. 

8.4  Place  the  beam  on  the  support  and  balance  it  by 
moving  the  rider  along  the  graduated  scale.  The  beam  is 
horizontal  when  the  leveling  bubble  is  on  the  center  line. 

8.5  Read  the  density  at  the  side  of  the  rider  toward  the 
knife  edge.  Make  appropriate  corrections  when  a  range 
extender  is  used. 

8.6  Clean  and  dry  the  instrument  thoroughly  after  each 
use. 


9.  Calculations 

9.1  To  convert  the  density  to  other  units,  use  the  fol¬ 
lowing  relationships: 

P  in  g/cm3  =  specific  gravity  (numerically),  or 
p  in  lb/ft3  =  (p  in  g/cm3)  62.43,  or 
p  in  lb/gal  =^(p  in  g/cm3)  8.35  ^  '  - 

10.  Report 

10.1  Record  the  density  to  the  nearest  0.01  g/cm3. 

11.  Precision  and  Bias 

11.1  The  precision  and  bias  of  this  test  method  have  not 
been  established.  Data  are  being  sought  that  will  be  suitable 
for  developing  a  precision  and  bias  statement. 
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Note— Photo  courtesy  of  N.  l_  Barod-N.  L.  Industries,  Inc.,  Houston  TX. 

FIG.  1 


Mud  Balance 
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Designation:  D  1343  -  86 

Standard  Test  Method  for 

Viscosity  of  Cellulose  Derivatives  by  Ball-Drop  Method1 

Thu  standard  u  issued  under  tne  fised  desioution  D  13d3.  the  numesr  immediatelv  follo-inc  the  designation  indicates  the  vsar  of 
.  _  onpnal  sooouon  or.  in  the  cue  of  revision,  the  year  of  last  revision.  A  numcer  in  parentheses  indicates  the  year  of  last  reapproval.  A 
supersetpt  epsilon  {<)  indicates  an  editonaJ  Change  since  the  last  revision  or  rrapproval. 

This  mnr.od  lies  been  epproved  lor  use  ov  atencies  of  me  Deportment  of  Defense  to  replace  Metnod  J2T2-I  of  Feoeral  Test  Mcinod 
Stanaard  .Vo.  fflA  and  for  listing  in  me  DoD  Inaex  of  Specifications  and  Stanaaras. 
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1.  Scope 

1.1  This  test  method  describes  the  apparatus  and  general 
procedure  for  making  ball-drop  viscosity  measurements  on 
solutions  of  various  cellulose  derivauves.  Instructions  for 
sample  preparation,  solution  concentration,  and  other  details 
ire  discussed  in  the  ASTM  methods  for  the  respective 
cellulose  derivatives. 

1.2  This  test  method  is  applicable  to  solutions  of  various 
cellulose  aenvanves  having  viscosities  greater  than  1 0  P,  by 
using  balls  of  various  diameters  and  densities.  Viscosity 
results  are  expressed  preferably  m  poises. 

1.3  In  commercial  practice,  viscosities  are  often  expressed 
in  seconds  using  Vis-in.  (2.38-mm)  stainless  steel  balls.2 
When  the  viscosity  is  outside  the  pracucal  ranee  for  these 
balls  (75  to  300  P),  the  measurement  can  be  made  using  a 
calibrated  pipet  viscometer  or  a  different  ball  and  calculating 
the  observed  viscosity  to  the  corresponding  time  for  a  Vss-in. 
ball,  even  thougn  it  is  a  smail  fraction  of  a  second. 

1.4  This  stanaard  may  involve  nezaraous  materials,  oper¬ 
ations.  and  equipment.  This  standard  does  not  purport  to 
aaaress  all  of  the  safety  problems  associated  mth  us  use.  It  is 
the  responsibility  of  whoever  uses  this  stanaard  to  consult  and 
estaohsh  appropriate  safetv  and  health  practices  and  deter¬ 
mine  tne  appiicaoiiuy  of  regulatory  limits:. ons  prior  to  use. 

2.  Referenced  Documents 

2. 1  ASTM  Standards: 

D  301  Methods  of  Testing  Soluble  Cellulose  Nitrate3 

D^45  Test  Method  for  Kinematic  Viscosity  of  Trans¬ 
parent  and  Opaque  Liquids  (and  the  Calculation  of 
Dynamic  Viscosity)4 

D817  Methods  of  Tesung  Cellulose  Acetate  Propionate 
and  Cellulose  Acetate  Butyrate3 

D  87 1  Methods  of  Testing  Cellulose  Acetate3 


3.  Summary  of  Method 

3.1  A  solution  of  the  cellulose  derivative  is  mace  in  a 
suitable  soivent  and  allowed  to  ecuiiibrate  at  a  chosen 


1  Thu  ter.  method  is  under  the  turudic.ion  of  ASTM  Commtr.ee  CM  on  Point 
and  Related  Coatings  one  Matcnau  and  is  me  Cirer.  rtsoontioiuty  of  Suocom- 
mittee  001.36  on  Cellutosics. 

Current  coition  oscrov-d  Jim  ; 9R6  Poensree  S:re-.«-  !«S6  Originally 

puousned  as  D  13-3-5-  Last  orevious  coition  0  '.  3->  -  eV  igj) 

-  Wnj-i  a  Vir-m.  rJimru  steel  call  is  used  me  viscosities  in  seconds  snouid  tie 
-nr.. oaiiv  me  same  as  tnose  oouinec  using  tne  apson.us  cescr.tcc  in  Seet.on  1 1 
oi  Memocs  DSH  - -5. ano  in S:r..on  iu  of Soeemoo.u-.s  0  S3.  •  ‘0.  .as; 
appeared  in  tne  TUB  Annual  Souk  oi  aSTM  Stanaaics.  Par.  a 
J  Annual  Boo-:  of  aSTM  Star.aarcs.  Vcl  Os  C3. 

4  Annua,  Boo -  of  ASTM  Siar.aarai.  Vol  05  0! 


temperature.  A  stainless  steel  or  aluminum  ball  is  dropped 
into  the  solution,  and  the  time  required  for  it  to  cover  a 
measured  distance  in  its  fall  is  recorded.  The  viscosity  of  the 
solution  can  then  be  calculated  in  poise  or  recorded  in 
seconds. 

4.  Significance  and  Use 

4.1  This  test  provides  an  easy  method  of  determining  the 
viscosity  of  cellulose  derivatives  in  a  given  solvent.  The 
answers  are  in  units  commonly  used  in  industrial  practice. 
Such  information  is  needed  for  cellulose  derivatives  that  are 
to  be  extruded,  molded,  sprayed,  or  brushed  as  is  or  in 
solution. 

5.  Apparatus 

5.1  Constant-Temperature  Water  Bath,  glass-walled. 

5.2  Bottles  and  Caps: 

5.2.1  Bottles,  round  or  square,  conforming  to  the  dimen¬ 
sional  requirements  snown  in  Table  1,  shall  be  used  Screw 
caps  of  metal  or  pnenolic  plastic  in  sizes  to  fit  the  bottles  and 
having  aluminum  foil  or  cardboard  and  cellophane  liners 
may  be  used  to  close  the  bottles.  Alternatively,  rubber 
stoppers  covered  wuh  aluminum  or  tin  foil,  may  also  be  used 
as  closures.  In  tms  latter  case,  solvent  loss  during  measure¬ 
ment  of  viscosity  can  be  minimized  by  removing  the  stopper, 
leaving  the  foil  in  piace.  and  making  a  small  hole  in  the 
center  of  the  foil  through  wr.ich  the  bails  may  be  dropped. 

5.2.2  Timing  marks  shall  be  provided  around  each  bottie 
1  or  on  the  front  and  back  of  the  glass-walled  constant- 

temperature  water  bath,  to  avoid  parallax  errors.  The  lower 
timing  mark  shall  be  approximately  1.25  in.  (32  mm)  above 
the  base  of  the  bottle,  and  the  upper  mark  shall  be  2.00  = 
0.02  in.  (50.8  ±  0.5  mm)  above  the  lower  mark.  A  practical 
means  of  marking  consists  of  wrapping  a  2-in.  strip  of 
transparent  sheeting  around  the  water  bath  at  the  proper 
location.  The  edges  of  the  sheeting  may  be  darkened  with 
crayon.  A  light  located  back  of  the  water  bath  aids  in 
observing  the  ball  during  us  fail. 

5.3  Balls—  Unicss  specifically  directed  otherwise,  balls  of 
varying  size  and  density  snail  be  used,  depending  on  the 
viscosity  of  the  solution.  Table  2  gives  the  useful  ranges, 
approximate  apparatus  constants,  and  dimensions  of  several 
such  balls.  The  exact  diameter,  weight,  and  density  shall  be 
ae'.erminea  accurately  for  each  lot  of  balls  used. 

5.4  Grccuate — A  50  or  100-ml  graduated  cylinder,  having 
a  round  top  opening  that  can  b  ticntiy  stoppered,  shall  be 
uses  for  cctcrmining  tne  density  of  tne  solution  in  grams  per 
miililure. 

5.5  Stop  Watch — A  stop  watch  reading  to  0.2  s. 
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TABLE  1  Bottles-1 


Some 

Round 

Sauare 

Caoacitv.  oz 

16 

•  16 

Weiont.  oz 

12 

12 

Heignt.  in. 

6.7 

7 

Insiae  diameter.  cm 

6.4 

Side  to  side.  cm 

... 

6.0 

Comer  so  comer,  cm 

... 

7.2 

*  Aocroximate  sizes.  Bottles  sausfaciory  lor  tr.is  curooso  mav  oe  cotaineo 
from  tno  Owens  Illinois  G^ss  Co..  Oltio  Illinois  Blcg ,  Toieoo.  Onto.  43601.  as 
follows-  round  oorue  No.  C-3KS  w  in  cao  63-500.  Frencn  square  Come  a-5732 
wim  cao  48—00. 


6.  Calibration 

6.1  Calculate  the  apparatus  constant.  K ,  using  the  fol¬ 
lowing  equation  and  exact  dimensions  of  the  bottle  and  bails 
used: 

K  =  2gr:( !  -  l.iOKd/D)  +  2.09(d/D)3]/9L 

where: 

S  =  acceleration  of  gravity  in  cgs  units 
r  —  ball  radius,  cm. 


d  -  ball  diameter,  cm. 

D  =  bottle  diameter,  cm  (in  the  case  of  square  bottles  th; 
average  of  the  side  to  side  and  comer  to  come 
diameters  shail  be  used),  and 
L  -  distance  of  ball  drop.  cm. 

7.  Procedure 

7.1  Preparation  of  Solution — Dry  the  sample  and  prepar. 
a  solution  as  specified  for  the  particular  material.  Sue: 
instructions  are  given  in  the  viscosity  sections  of  Method 
D  301.  D  371.  and  Methods  D  817.  Weigh  into  the  bottle  ar 
appropnatc  amount  of  dry  sample  and  specified  solvent 
accurate  to  0.1  g,  to  make  about  350  ml  of  solution.  Clos. 
the  bottle  tightly.  Allow  to  stand  a  short  time  for  the  solver, 
to  penetrate  the  sample.  Then  tumble  or  shake  until  . 
uniform  solution  is  obtained.  Transfer  to  the  water  bath  a 
25  a:  0.1  G.  and  allow  the  solution  to  come  to  temperature. 

7.2  Viscosity  Determination — Drop  a  %:-in.  (2.38-mm 
stainless  steel  ball  through  the  center  of  the  column  o 
solution  and  time  its  fall  through  the  marked  2-in.  (50.8 
mm)  distance,  using  a  stop  watch  and  taking  precautions  t. 
avoid  parallax  errors.  If  the  observed  time  is  less  than  20  s  o 
greater  than  100  s  repeat  the  measurement,  unless  directe. 
otherwise,  using  a  different  ball  (see  Table  2)  which  has 
time  of  fall  within  these  limits.  If  the  solution  is  known  to  c 
thixotropic  in  nature  or  if  the  times  of  fall  for  successive  ball 
vary  significantly,  use  freshly  prepared  solutions  for  dupi: 
cate  measurements  or  measurements  with  balls  of  othe 
sizes. 

7.3  Determination  of  Lower  Viscosities— If  the  viscosit 
of  the  solution  is  too  low  to  measure  satisfactorily  using  or. 
of  the  balls,  use  a  calibrated  pipet  as  described  in  Tes 
Method  D  445,  or  other  instrument  of  suitable  ranc-. 
Calculate  the  result  in  poises.  Convert  poises  to  equivaler. 
ball-drop  seconds  as  shown  in  8.2. 

7.4  Density  Determination— Determine  the  density  of  th 
solution’  in  grams  per  cubic  centimetre  by  measuring  th 
volume  at  25  =  0.1  C  of  a  known  weignt  of  the  solutio. 
contained  in  a  suitaole  tigntiy  stoppered  graduated  cylinder 

8.  Calculation 

8.1  Ball-Drop  Viscosities— Calculate  the  viscositv  i: 
poises  as  follows: 

n  =  K(a  —  b)t 

where: 

v  =  viscosity  at  the  specified  temperature.  P, 

K  =  apparatus  constant.5 


5  See  Table  2  for  approximate  values. 


TABLE  2  Balls 


Vt*-n  (I.SS-rr.mi  f&uR.nuni 

’/n-rv  (1 ,59-^mi  sjo^j 

i2.3S-m.mi 
V*i n  (3.'.S^r.’ni 
tS 


ViSCOSiIV  flj/lGO. 


35  ;o  ISO 
75  :c  3C0 
135  jo  6C0 
350  jo  ? SCO 


AC03/3JU5 

Constant  K 

Diameter,  cm 

Weignt.  g 

Ocnsuy.  g/ciA.  j 

0.256 

0.1558 

0.CCS9I 

2.32 

0  255 

0.1523 

0.01605 

7.66 

0  550 

0  22:0 

0.C542 

7  63 

0  055 

0  3170 

0.1277 

7.68 

2.70 

0  5555 

0  6597 

7  63 
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=  ball  density5.  in  g/cm3 


and 


■  =  solution  density,  tycm3, 

■  =  time  of  fall,  s. 

|l  1  die  case  of  a  ball  of  stated  diameter  and  density,  this 
Insulation  can  be  simplified  to: 

If*,--  . 

=  K(a  —  b). 

■his  factor  varies  with  solution  density,  b.  Approximate 
■icons  for  the  various  balls  can  be  read  from  Fig.  1.  Exact 
ac.ors  can  be  calculated  from  the  exac  measurements  of  the 

Iiscometer  and  balls. 

8.2  Poises  to  Seconds — Poises  may  be  convened  to  equiv- 
ient  ball-drop  seconds,  t,  as  follows: 

Pr(for  Vj’-in.  ball)  =  T\/K(a  -  b) 
here:  ' 

=  observed  viscosity,  P, 

=  apparatus  constant  for  the  Vs:  in.  stainless  steel  ball, 

:l  =  ball  density  for  die  3/i2-in.  stainless  steel  ball,  and 
I  =  solution  density  for  the  solution  being  tested. 


9.  Report 

9.1  Results  shall  be  reponed  in  poises,  or  in  seconds,  for  a 
Vi:-in.  stainless  steel  ball. 

10.  Precision  and  Bias 

10.1  The  within-laboratory  precision  of  the  test  was 
determined  by  submitting  25  pairs  of  replicate  samples  to  be 
run  by  any  one  of  several  operators.  Each  sample  in  a 
specific  pair  was  submitted  within  3  to  5  days.  Each  pair 
consisted  of  one  sample  at  the  20-second  viscosity  level  and 
one  at  the  60-second  viscosity  level.  The  data  below  shows 
the  95  So  confidence  limits  (two  sigma)  for  the  two  levels. 

■>  95  Ti  Confidence 

Viscosity  Level  Limns 

60  sec  =3.83  sec 

20  sec  =1.00  sec 

Data  are  not  available  at  this  time  to  show  interlaboratory 
precision. 

10.2  Since  there  is  no  accepted  reference  material  suitable 
for  determining  the  bias  for  the  proceaure  m  this  test  method 
for  measuring  ball-drop  viscosity,  no  statement  on  bias  can 
be  made. 
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Standard  Test  Method  for 
Flash  and  Fire  Points  by  Cleveland  Open  Cup 


(jjj  ^  Designation:  D  92  -  85 
Designation:  36/84- 


An  Amencan  National  Standard 
Amencan  Association  State 
Highway  end  Transportation  Officials  Standard 
AASHTO  No.:  748 
DIN  51  376 


Standard  Test  Method  for 

F!s3ii  and  Fire  Points  by  Cleveland  Open  Cup1 

This  standard  is  issued  under  the  fixed  designation  D  94.  the  number  immediately  following  the  Jesignation  indicates  the  year  of 
original  adoption  or,  io  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  reapproval.  A 
superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapproval.  ,  v. 

This  test  method  was  adopted  as  a  joint  ASTM-1P  standard  in  1965.  ■ 

This  test  method  has  been  adopted  for  n..-  by  government  agencies  to  replace  Method  1103.7  of  Federal  Test  Method  Standard  No. 
'  .  791b.  and  Method  4294  of  Federal  Test  Method  Standard  No.  141  A. 


1.  Scope 

1.1  This  test  method  covers  determination  of  the  flash 
and  fire  points  of  all  petroleum  products  except  fuel  oils  and 
those  having  an  open  cup  flash  below  175’F  (79*C). 

1.2  The  values  stated  in  inch-pound  units  are  to  be 
regarded  as  the  standard. 

Note  1 — It  is  the  practice  in  the  United  Kingdom  and  in  many  other 
countries  to  use  IP  Method  35,  unless  Test  Method  D  93  —  IP  34  is 
specified.  This  test  method  may  occasionally  be  specified  for  the 
determination  of  the  fire  point  of  a  fuel  oil.  For  the  determination  of  me 
flash  points  of  fuel  oils,  use  Test  Method  D  93  -  IP  34.  Test  Method  D 
93  -  IP  34  should  also  be  used  when  it  is  desired  to  determine  the 
possible  presence  of  small  but  significant  concentrations  of  lower  flash 
point  substances  which  may  escape  detection  by  Test  Method  D  92.  Test 
Method  D  1310  may  be  employed  if  the  flash  point  is  below  175*F 
(79'C);  as  determined  by  Test  Method  D  92  -  IP  36. 

.1.3  This  standard  should  be  used  to  measure  and  describe 
the  properties  of  materials,  products,,  or  assemblies  in  re¬ 
sponse  to  heat  and  flame  under  controlled  laboratory  condi¬ 
tions  and  should  not  be  used  to  describe  or  appraise  the  fire 
hazard  or  fire  risk  of  materials,  products,  or  assemblies  under 
actual  fire  conditions.  However,  results  of  this  test  may  be 
used  as  elements  of  a  fire  risk  assessment  which  takes  into 
account  all  of  the  factors  which  are  pertinent  to  an  assessment 
of  the  fire  hazard  of  a  particular  end  use. 

1.4  This  standard  may  involve  hazardous  materials,  oper¬ 
ations  and  equipment.  This  standard  docs  not  purport  to 
address  all  of  the  safety  problems  associated  with  us  use.  It  is 
the  responsibility  of  whoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices  and  deter¬ 
mine  the  applicability  of  regulatory  limitat.ons  prior  to  use. 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D93  Test  Method  for  Flash  Point  by  Pcnsky-Martcns 
Closed  Tester2 


1  Th:>  test  method  is  under  the  jurisdiction  of  ASTM  Commute;  D-2  on 
Petroleum  Products  and  Lubricants  and  is  the  direct  responsibility  of  Subcom¬ 
mittee  DO:  OS  on  Volatility. 

Current  ediuon  approveo  Oct.  25.  1935.  Publuhed  December  1985.  Originally 
published  as  D92  -  21.  Last  previous  edition  D92  -  78'1. 

In  tne  IP.  this  test  metnod  is  under  the  jurisdiction  of  the  Star.dardiuuon 
Committee. 

•Arr.wzt  Book  of  ASTM  Stcndotds.  Vol  05  01. 


D1310  Test  Method  for  Flash  Point  and  Fire  Point  of 
Liquids  by  Tag  Open-Cup  Apparatus2 

E  1  Specification  for  ASTM  Thermometers3 

2.2  Other  Method: 

IP  Method  35  Flash  Point  (Open)  and  Fire  Point  by  Means 
of  the  Pensky-Martens  Apparatus4 

3.  Definitions 

'  3.1  flash — point  the  lowest  temperature  corrected  to  a 
barometric  pressure  of  101.3  kPa  (760  mm  Hg),  at  which 
application  of  a  test  flame  causes  the  vapor  of  a  specimen  to 
ignite  under  specified  conditions  of  test.. 

Note  2— The  material  is  deemed  to  have  flashed  when  a  large  flame 
appears  and  instantaneously  propagates  itself  over  the  surface  of  the 
specimen. 

Occasionally,  particularly  near  the  actual  flash  point,  the  application 
of  the  test  flame  will  cause  a  blue  halo  or  an  enlarged  flame,  this  is  not  a 
flash  and  should  be  igrored. 

3.2  fire  point— the  lowest  temperature  at  which  a  spec¬ 
imen  will  sustain  burning  for  5  s, 

4.  Summary  of  Method 

4.1  The  test  cup  is  filled  to  a  specified  level  with  the 
sample.  The  temperature  of  the  sample  is  increased  rapidly 
at  first  and  then  at  a  slow  constant  rate  as  the  flash  point  is 
approached.  At  specified  intervals  a  small  test  flame  is  passed 
across  the  cup.  The  lowest  temperature  at  which  application 
of  the  test  flame  causes  the  vapors  above  the  surface  of  the 
liquid  to  ignite  is  taken  as  the  flash  point.  To  determine  the 
fire  point,  the  test  is  continued  until  the  application  of  the 
test  flame  causes  the  oil  to  ignite  and  bunt  for  at  least  5  s. 

5.  Significance  and  Use 

5.1  Flash  point  measures  the  tendency  of  the  sample  to 
form  a  flammable  mixture  with  air  under  controlled  labora¬ 
tory  conditions.  It  is  only  one  of  a  number  of  properties  that 
must  be  considered  in  assessing  the  overall  flammability 
hazard  of  a  material. 

5.2  Flash  point  is  used  in  shipping  and  safety  regulations 
to  define  “flammable"  and  "combustible"  materials.  One 


3  Annua /  Hook  of  ASTM  S:cr.dards.  Vo!s  05.03  and  14  01. 

4  Available  from  the  Institute  of  Petroleum.  61  New  Cavendish  St..  London, 
W.j„  Engjand. 
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0.126 
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3.2 

4.8 

8 — Radius 

6 

nominal 

152 

nominal 

■  " 

C— Oiameter 

0.063 

nominal 

1.6 

nominal 

D 

■ 

0.078 

2  • 

E 

0.236 

0.276 

6 

7 
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F — Diametei 

0.031 

nominal 

0.8 

nominal  ‘  ■ 

. 

FIG.  1  Cleveland  Open  Cup  Apparatus 
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should  consult  the  particular  regulation  involved  for  precise 
definitions  of  these  classes. 

5.3  Flash  point  can  indicate'  the  possible  presence  of 
highly  volatile  and  flammable  materials  in  a  relatively 
nonvolatile  or  nonflammable  material. 

5.4  Fire  point  measures  the  characteristics  of  the  sample 
to  support  combustion. 


6.  Apparatus 

6. 1  Cleveland  Open  Cup  Apparatus— This  apparatus  con¬ 
sists  of  ihc  test  cup,  heating  plate,  test  flame  applicator, 
heater,  and  supports  described  in  detail  in  the  annex.  The 
assembled  apparatus,  heating  plate,  and  cup  arc  illustrated  in 
Figs.  1,  2,  and  3,  respectively.  Dimensions  are  listed  in 
Tables  1,  2,  and  3,  respectively. 

6.2  Shield— A  shield  18  in.  (460  mm)  square  and  24  in. 
(610  mm)  high  and  having  an  open  front  is  recommended. 

6.3  Thermometer — A  thermometer  having  a  range  as 
shown  below  and  conforming  to  the  requirements  prescribed 
in  Specification  E  1  or  in  the  Spccincations  for  IP  Standard 
Thermometers: 


Ah.  ■ 


1  THERMAL 
INSULATION 

m.ihmcircs 

max 


A 

0  26 

0  276 

6 

7 

B 

0  020 

0.039 

05 

1.0 

C 

0  236 

2.276 

..  6 

7 

D— Diameter 

2.165 

2.205 

55 

56 

E— Diameter 

2.736 

2.776 

69.5 

70S 

F— Oiameter 

5.748 

6.260 

146 

159 

Healing  I 
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inches 

millimetres 

min 

max 

ma 

max 

2.6S8 

2.717 

67.5 

69 

2.480 

2.520 

63 

64 

0.110 

0.138 

2.8 

3.5 

■Radius  0.157 

nominal 

4 

nominal 

•  1.280 

1.339 

32.5 

34 

0.354 

0.394 

9 

10 

1.221 

1.280 

31 

'  •  32.5  • 

0.110 

0.138 

.  2.8 

3.5 

2.638 

2.756 

67 

70 

3.819 

3.937 

97 

100 

FIG.  3 

Cleveland  Open  Cup 

• 

Thermomeier  Number 

Temperature  Range 

astm 

IP 

20  to  760'F 

I  IF 

28F 

-6  to  +400*C 

!1C 

28C 

Mote  3— There  are  automatic  flash  poir.t  testers  available  and  in  use 
which  may  be  advantageous  in  the  saving  of  testing  time,  permit  the  use 
of  smaller  samples,  and  have  other  factors  which  may  merit  their  u: :.  If 
automatic  testers  are,used,  the  user  must  be  sure  that  all  of  rl-e 
manufacturer's  instructions  for  calibrating,  adjusting,  and  operau  ig  ’he 
instrument  are  followed.  In  any  cases  of  dispute,  the  flash  point  as 
determined  manually  shall  be  considered  the  referee  test 

7.  Safety  Precautions 

7.1  The  operator  must  exercise  and  take  appropriate 
safety  precautions  during  the  initial  application  ov  the  test 
flame,  since  samples  containing  low-flash  material  m3y  give 
an  abnormally  strong  flash  when  the  test  flame  is  first 
applied. 

8.  Sampling 

8.1  Erroneously  high  flash  points  may  be  obtained  if 
precautions  are  not  taken  to  avoid  the  loss  of  volatile 
material.  Do  not  open  containers  unnecessarily  and  make  a 
transfer  unless  the  sample  temperature  is  at  least  the  equiva¬ 
lent  of  1  S*F  (1 0*C)  below  the  expected  flash  point.  Do  not 
use  samples  from  leaky  containers  for  this  test. 

8.2  Do  not  store  samples  in  plastic  (polyethylene,  poly- 
propvlcne.  etc.)  containers,  since  volatile  matenai  may 
diffuse  through  the  walls  of  the  enclosure. 

8.3  Light  hydrocarbons  may  be  present  in  the  form  of 
cases,  such  as  propane  or  butane  and  may  not  be  detected  by 
testing  because  of  losses  during  sampling  and  loading  of  the 
test  apparatus.  This  is  especially  evident  on  heavy  residums 
or  asphalts  from  solvent  extraction  processes. 


9,  Preparation  of  Apparatus 

9.1  Support  the  apparatus  on  a  level  steady  table  in  a 
draft-free  room  or  compartment.  Shield  the  top  of  the 
apparatus  from  strong  light  by  any  suitable  means  to  permit 
ready  detection  of  the  flash  point.  Tests  made  in  a  laboratory 
hood  (Note  4)  or  in  any  location  where  drafts  occur  are  not 
to  be  relied  upon.  During  the  last  30°F  (17*C)  rise  in 
temperature  prior  to  the  flash  point,  care  must  be  taken  to 
avoid  disturbing  the  vapors  in  the  test  cup  by  careless 
movements  or  oreathing  near  the  cup. 

Note  4 — With  some  samples  whose  vapors  or  products  of  pyrolysis 
are  objectionable,  it  is  permissible  to  place  the  apparatus  with  shield  in  a 
hood,  the  draft  of  which  is  adjustable  so  that  vapors  may  be  withdrawn 
without  causing  air  currents  over  the  test  cup  during  the  final  100’F 
(56 'C)  rise  in  temperature  prior  to  the  (lash  point. 

9.2  Wash  the  test  cup  with  an  appropriate  solvent  to 
remove  any  oil  or  traces  of  gum  or  residue  remaining  from  a 
previous  test.  If  any  deposits  of  carbon  are  present,  they 
should  be  removed  with  steel  wool.  Flush  the  cup  with  cold 
water  and  dry  for  a  few  minutes  over  an  open  flame  or  a  hot 
plate  to  remove  the  last  traces  of  solvent  and  water.  Cool  the 
cup  to  at  least  100‘F  (56*C)  below  the  expected  flash  point 
before  using. 

9.3  Support  the  thermometer  in  a  vertical  position  with 
the  bottom  of  the  bulb  '/■>  in.  (6.4  mm)  from  the  bottom  of 
the  cup  and  locate  at  a  point  halfway  between  the  center  and 
side  of  the  cup  on  a  diameter  perpendicular  to  ihe  arc  (or 
line)  of  the  sweep  of  the  test  flame  and  on  the  side  opposite 
to  the  test  flame  burner  arm. 

Note  5 — The  immersion  line  engraved  on  the  thermometer  will  be 
Vm  in.  (2  mm)  below  the  level  of  the  rim  of  the  cup  when  the  ther¬ 
mometer  is  properly  positioned. 

10.  Procedure 

10.1  Fill  the  cup  at  any  comenunt  "-mpcraiure  (Note  6) 
so  that  the  top  of  the  meniscus  is  exactly  at  the  filling  line.  If 
too  much  sample  has  been  added  to  the  cup,  remove  the 
excess,  using  a  medicine  dropper;  however,  if  there  is  sample 
on  the  outside  of  the  apparatus,  empty,  clean,  and  refill  it. 
Destroy  any  air  bubbles  on  the  surface  of  the  sample. 

Note  6— Viscous  sjmples  shoi.'d  be  heated  until  thc>  are  reasonably 
fluid  before  being  poured  mtc  the  up.  however,  the  temperature  during 
heating  must  not  exceed  100’F  (56’Cl  be'  w  the  probable  flash  point. 

10.2  Light  the  test  flame  and  adjust  it  to  a  diameter  of  '/& 
to  -/t6  in.  (3.2  to  4.8  mm),  the  size  of  the  comparison  bead  if 
one  is  mounted  on  the  apparatus. 

10.3  Apply  heat  initially  so  that  the  rate  of  temperature 
rise  of  the  sample  is  25  to  30*F(!4  to  17*C)/min.  When  the 
sample  temperature  is  approximately  100*F  (56*C)  below  the 
anticipated  flash  point,  decrease  the  heat  sc  that  the  rate  of 
temperature  rise  of  the  last  50*F  (2S’C)  before  the  flash  point 
is  9  to  1  l*F  (5  to  6*C)/min. 

10.4  Starling  at  least  50*F  (2S*C)  below  the  flash  point, 
apply  the  test  flame  when  the  temperature  read  on  the 
thermometer  reaches  each  successive  5’F  (2 *C)  mark.  Pass 
the  test  flame  across  the  center  of  the  cup.  at  right  angles  to 
the  diameter  which  passes  through  the  thermometer.  With  a 
smooth,  continuous  motion  apply  the  flame  either  in  a 
straight  line  or  along  the  circumference  of  a  circle  having  a 
radius  of  at  least  6  tn.  (150  mm).  The  center  of  the  test  flame 
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must  move  in  a  horizontal  plane  not  more  than  !/m  in.  (2 
above  the  plane  of  the  upper  edge  of  the  cup  and 
■passing  in  one  direction  only.  At  the  time  of  the  next  test 
(lame  application,  pass  the  flame  in  the  opposite  direction. 
The  time  consumed  in  passing  the  test  flame  across  the  cup 
'in  each  case  shall  be  about  1  s. 

f* 

1}  Note  7:  Caution— Meticulous  attention  to  all  details  relating  to  the 
test  flame  appUcator^ize  of  the  test  flame,  rate  of  temperature  increase, 
jnd  rate  of  passing  the  test  flame  oser  the  sample  is  necessary  for  good 
results. 

10.5  Record  as  the  observed  flash  point  the  temperature 
read  on  the  thermometer  when  a  flash  appears  at  any  point 
on  the  surface  of  the  oil,  but  do  not  confuse  the  true  flash 
with  the  bluish  halo  that  sometimes  surrounds  the  test  flame. 

10.6  To  determine  the  fire  point,  continue  heating  so  that 
the  sample  temperature  increases  at  a  rate  of  9  to  1 1*F  (5  to 
6*C)/min.  Continue  the  application  of  the  test  flame  at  5‘F 
(2*C)  intervals  until  the  oil  ignites  and  continues  to  bum  for 
at  least  5  s.  Record  the  temperature  at  this  point  as  the 
observed  fire  point  of  the  oil. 

11.  Calculation  and  Report 

11.1  Observe  and  record  the  barometric  pressure  at  the 
■  time  of  the  test.  When  the  pressure  differs  from  760  mm  Hg, 
correct  the  flash  or  fire  point,  or  both,  by  means  of  the 
following  equations: 

Corrected  flash  or  fire  point,  or  both  =  F  +  0.06  (760  -  P) 

or  Corrected  flash  or  fire  point,  or  both  =  C  +  0  03  (760  -  P) 

where: 


F  =  observed  flash  or  fire  point,  or  both,  to  the  nearest  5*F, 
C  =  observed  flash  or  fire  point,  or  both,  to  the  nearest  2*C, 
and 

P  =  barometric  pressure,  mm  Hg. 

1 1.2  Record  the  corrected  flash  or  fire  point,  or  both,  to 
the  nearest  5‘F  or  2’C. 

1 1.3  Report  the  recorded  flash  or  fire  point  value,  or  both, 
as  the  COC  flash  or  fire  point,  or  both,  ASTM  D  92  -  IP  36 
of  the  sample  tested. 

12.  Precision  and  Bias 

12.1  The  following  data  should  be  used  judging  the 
acceptability  of  results  (95  %  confidence). 

12.1.1  Duplicate  results  by  the  same  operator  should  be 
considered  suspect  if  they  differ  by  more  than  the  following 
amounts: 

Repeatability 

Flashpoint  15‘F(S’0 

-  Fire  point  I5’F($'C) 

12.1.2  The  result  submitted  by  each  of  two  laboratories 
should  be  considered  suspect  if  the  results  differ  by  more 
than  the  following  amounts: 

Reproducibility 


Flash  point 
Fite  point 


30’F  (17’Q 
25’F  ( 1 4*C) 


12.2  Bias —  i  he  bias  statement  is  being  developed  for  this 
test  method. 
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ANNEX  •  . 

(Mandatory  Information) 

Al.  APPARATUS  FOR  THE  CLEVELAND  OPEN  TESTER 


A  1.1  Test  Cup,  conforming  to  Fig.  3  with  dimensions  as 
shown  in  Table  3.  The  cup  shall  be  made  of  brass  or  other 
non-rusting  metal  of  equivalent  heat  conductivity.  The  cup 
may  be  equipped  with  a  handle. 

A  1.2  Healing  Plate — A  brass,  cast  iron,  wrought  iron,  or 
steel  plate  with  a  center  hole  surrounded  by  an  area  of  plane 
depression,  and  a  sheet  of  hard  asbestos  board  which  covers 
the  metal  plate  except  over  the  area  of  plane  depression  in 
which  the  test  cup  is  supported.  The  essential  dimensions  of 
the  heating  plate  are  shown  in  Fig.  2;  however,  it  may  be 
square  instead  of  round,  and  the  metal  plate  may  have 
suitable  extensions  for  mounting  the  test  flame  applicator 
device  and  the  thermometer  support.  Also,  a  metal  bead,  as 
mentioned  in  A1.3,  may  be  mounted  on  the  plate  so  that  it 
extends  through  and  slightly  above  a  suitable  small  hole  in 
the  asbestos  board. 

A  1.3  Test  Flame  Applicator— The  device  fer  applying  the 
flame  may  be  of  any  suitable  type,  but  it  is  suggested  that  the 
tip  be  approximately  ‘/i6  in.  (1.6  mm)  in  diameter  at  the  end, 
and  that  the  orifice  be  W  in.  (0.8  mm)  in  diameter.  The 
device  for  operating  the  test  flame  may  be  mounted  in  such  a 
manner  as  to  permit  automatic  duplication  of  the  sweep  of 
the  test  flame,  the  radius  of  swing  being  not  less  than  6  in. 
(150  mm)  and  the  center  of  the  orifice  being  supported  so 


that  it  swings  in  a  plane  not  greater  than  Ve*  in.  (2  mm) 
above  the  plane  of  the  rim  of  the  cup.  It  is  desired  that  a 
bead,  having  a  diameter  of  Vs  to  Vie  in.  (3.2  to  4.8  mm)  be 
mounted  in  a  convenient  position  on  the  apparatus  so  that 
the  size  of  the  test  flame  can  be  compared  to  it. 

A 1 .4  Heater — Heat  may  be  supplied  from  any  convenient 
source.  The  use  of  a  gas  burner  of  alcohol  lamp  is  permitted, 
but  under  no  circumstances  are  products  of  combustion  or 
free  flame  to  be  allowed  to  come  up  around  the  cup.  An 
electric  heater  controlled  by  a  variable  voltage  transformer  is 
preferred.  The  source  of  heat  shall  be  centered  under  the 
opening  of  the  heating  plate  with  no  local  superheating. 
Flame-type  heaters  may  be  protected  from  drafts  or  excessive 
radiation  by  any  suitable  type  of  shield  that  does  not  project 
above  the  level  of  the  upper  surface  of  the  asbestos  board. 

A 1 .5  Thermometer  Support — Any  convenient  device  may 
be  used  which  will  hold  the  thermometer  in  the  specified 
position  during  a  test  and  which  will  permit  easy  removal  of 
the  thermometer  from  the  test  cup  upon  completion  of  a 
test.  •  •' 

A1.6  Heating  Plate  Support — Any  convenient  support 
which  will  hold  the  heating  plate  level  and  steady  may  be 
employed. 


The  American  Society  lor  Testing  and  Materials  takes  no  posnion  respecting  the  validity  ot  any  patent  rights  asserted  in  connection 
with  any  item  mentioned  in  this  standard  Users  ot  this  standard  are  expressly  advised  that  determination  o I  the  validity  ol  any  such 
patent  rights,  and  the  risk  of  infringement  ol  such  rights,  are  entirety  their  own  responsibility. 

This  standard  is  subject  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  be  reviewed  every  live  years  and 
il not  revised,  either  reapproved  or  withdrawn.  Your  comments  are  invited  either  lor  revision  ol  this  standard  or  lor  additional  standards 
and  should  be  addressed  to  ASTM  Headquarters.  Your  comments  will  receive  carclut  consideration  at  a  meeting  ol  the  responsible 
technical  committee,  which  you  may  attend.  II  you  tcel  that  your  comments  have  not  received  a  lair  hearing  you  should  mane  your 
views  known  to  the  ASTM  Committee  on  Standards.  1916  Race  St..  Philadelphia.  PA  19103. 
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Designation:  D  240  -  87* 


An  Anamcin  National  StanCa 


Standard  Test  Method  for 

Heat  of  Combustion  of  Liquid  Hydrocarbon  Fuels  by  Bomb 
Calorimeter1 

This  standard  is  issued  under  the  fixed  designation  D  2-50.  the  number  immediately  following  the  designation  indicates  the  )car  of 
original  adoption  or,  in  the  case  of  revision,  the  )  ear  of  last  revision.  A  number  in  furenthGcs  indicates  the  >car  of  last  reappro>aj.  A 
superscript  epsilon  {«)  indicates  an  editorial  change  since  the  last  revision  or  rcapprovaJ. 

This  test  method  has  been  adopted for  use  by  gorctnmcni  agencies  to  replace  Method  2502  if  Federal  Tat  Method  Standard  AV  79 1  b, 
u  Note — An  editorial  correction  mas  made  in  Section  10.2  in  November  193$. 


1.  Scope 

1  !  This  trsc  method2  covers  the  determination  of  the  heat 
of  combustion  of  liquid  hydrocarbon  fuels  ranging  in  vola¬ 
tility  from  that  of  light  distillates  to  that  of  residual  facts. 

1 .2  Under  normal  conditions,  this  test  method  is  directly 
applicable  to  such  fuels  as  gasolines,  kcrosincs,  Nos.  I  and  2 
fuel  oil.  Nos.  I-D  and  2-D  diesel  fuel  and  Nos.  0-CT,  1-CT, 
2nd  2-CT  gas  turbine  fuels. 

1.3  The  values  stated  in  SI  units  arc  to  be  regarded  as  the 
standard. 

1.4  This  standard  may  involve  hazardous  materials,  oper¬ 
ations.  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safety  problems  associated  with  us  use.  It  is 
ike  responsibility  of  the  user  of  this  standard  to  establish 
appropriate  safely  and  health  practices  and  determine  the 
applicability  of  regulatory  limitations  prior  to  use.  For 
specific  hazard  statements,  see  7.5,  7.7,  7.S  and  9.3. 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D  129  Test  Method  for  Sulfur  in  Petroleum  Products 
(General  Bomb  Method)3 

D2382  Test  Method  for  Heat  of  Combustion  of  Hydro¬ 
carbon  Fuels  by  Bomb  Calorimeter  (High-Precision 
Method)4 

E  I  Specification  for  ASTM  Thermometers5 

E  200  Practice  for  Preparation,  Standardization,  and 
Storage  of  Standard  Solutions  for  Chemical  Analyses6 

3.  Terminology 

3.1  Definitions: 

3.1.1  Gross  Heat  of  Combustion,  expressed  as  mcgajoulcs 
per  kilogram.  The  gross  heat  of  combustion  at  constant 
volume  of  a  liquid  or  solid  fuel  containing  only  the  elements 


1  Thu  icii  method  it  enht  the  jonsZictton  of  ASTM  Corniautee  IV2  on 
lVodw.it  and  L-trwarui  and  it  she  <hrcv.t  «ts».-w8s!.if  of  S=8kos». 
etutce  l»2  OS  on  Pfopemes  o!  Fuels.  PotthsSt.  Cote  and  OJ  S!u!c. 

Current  edition  approved  March  27.  ISS7  Pcfchthcd  May  I9JT  OnpwUf 
pcKrthcd  at  D  ICO  -  J7  T  La  it  protons  edrtran  D  2*0  -  S  J. 

*  a  more  precite  method  dcvfr.rd  specifically  for  use  “ith  aiutwn  istbiftc 
fecit,  although  it  can  be  used  for  a  »sdt  nee  of  colatile  and  nonvolatile  faelt  it 
described  «n  Test  Method  U  2jS2  .leca.'ifliwcf.lSnt  Sashrci.  V  .1 G  5  C . 

»  ta-vd  Beck  ef.iSTV  S.dsJU-rJr.  VW  05  Cl. 

*  tens.-/  B.ci  tf.lSTU  JrurJbr-'t  Vol  05  02 
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carbon,  hydrogen,  oxygen,  nitrogen,  and  sulf?-*  is  the  quar 
tity  of  heat  liberated  tv  hen  a  unit  mass  of  the  fuel  is  burned  i 
oxygen  in  an  enclosure  of  constant  volume,  the  products  t 
combustion  being  gaseous  carbon  dioxide,  nitrogen,  sulfr. 
dioxide,  and  liquid  water,  with  the  initial  temperature  of  li; 
fuel  and  (he  oxygen  and  the  final  temperature  of  ih 
products  at  25'C. 

3.1.2  Net  Heat  of  Combustion,  expressed  as  megajouk 
per  kilogram.  The  net  heat  of  combustion  at  constar 
pressure  of  a  liquid  or  a  solid  fuel  containing  only  (h 
elements  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulfur  . 
the  quantity  of  heat  liberated  when  a  unit  mass  of  the  fuel . 
burned  in  oxyger.  at  a  constant  pressure  of  0.101  MPa  ( 
atm),  the  products  of  combustion  being  carbon  dioxid. 
nitrogen,  sulfur  dioxide,  and  water,  all  in  the  gaseous  stau 
with  the  initial  temperature  of  the  fuel  and  the  oxygen  an 
the  final  temperature  of  the  products  of  combustion  at  25*(  i 

3.1.3  The  following  relationships  may  be  used  for  cor. 
verting  to  other  units: 

I  eel  (Inlcmjtt..ail  Table  caloric)  —  4.1S6S  J  * 

I  Dru  (British  thermal  until  <=  I0S5.05  J 
l  cal  (I.T.)/g  *  0.00-IIS6S  MJAg  * 

1  Biu/lb  «  0.002326  MJAg4 

A  Conversion  factor  is  exact. 

3.2  Energy  Equivalent  (effective  heat  capacity  or  wale 
equivalent)  of  the  calorimeter  is  the  energy  required  to  rais  i 
the  temperature  I*  expressed  as  MJ/*C. 

3.2. 1  Description  of  Term  Specific  to  This  Standard— Th 
energy  unit  of  measurement  employed  in  this  test  method  i 
the  joule  with  the  heat  of  combustion  rcjwried  in  mcgajoule  ! 
per  kilogram  (Note  1). 

I  MI  As  -  10M  J/c 

N’nrr  I — In  SI  rhe  unit  of  hear  of  combustion  has  the  Oimc.ssio 
lAf  h-al  f’r  prsciua!  use  a  snAurU.  is  more  u<i»tr.tcnr  I  be  MJAg 
cnUesunly  useJ  for  the  representation  of  heats  of  combustion  i 
petroleum  fuels. 

3.3  SymMf 

3  3  1  The  net  heat  of  combustion  is  represented  by  th 
symbol  (?„  and  is  related  to  the  gross  heat  of  combustion  b 
the  following  equation: 

<?,  {sci.  2S'C)  =  Q,  (gross.  2S'Cl  -0  21 22  X  // 
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where: 

Qn  (net,  25*C)  =  net  heat  of  combustion  at  constant  pres¬ 

sure,  MJ/kg 

Qf.  (gross,  25  C)  =  gross  heat  of  combustion  at  constant 
volume,  MJ/kg 

H  =  mass  %  of  hydrogen  in  the  sample. 

3.3.2  Temperatures  may  be  measured  in  Celsius  degrees. 

Note  2— Temperatures  may  be  recorded  in  either  Fahrenheit  de¬ 
grees  or  ohms  or  other  units  when  using  electric  thermometers.  The 
same  units  must  then  be  used  in  all  calculations,  including  standardiza¬ 
tion. 

3.3.3  Time  is  expressed  in  calculations  in  minutes  and 
decimal  fractions  thereof.  It  may  be  measured  in  minutes 
and  seconds. 

3.3.4  Weights  are  measured  in  grams. 

4.  Summary  of  Test  Method 

4.1  Heat  of  combustion  is  determined  in  this  test  me  hod 
by  burning  a  weighed  sample  in  an  oxygen  bomb  calorimeter 
under  controlled  conditions.  The  heat  of  combustion  is 
computed  from  temperature  observations  before,  during, 
and  after  combustion,  with  proper  allowance  for 
thcrmochcmical  and  heat  transfer  corrections.  Either  iso¬ 
thermal  or  adiabatic  calorimeter  jackets  may  be  used. 

b.  Significance  and  Use 

5.1  The  heat  of  combustion  is  a  measure  of  the  energy 
available  from  a  fuel.  A  knowledge  of  this  value  is  essential 
when  considering  the  thermal  efficiency  of  equipment  for 
producing  cither  power  or  heat. 

5.2  The  heat  of  combustion  as  determined  by  this  test 
method  is  designated  as  one  of  the  chemical  and  physical 
requirements  of  both  commercial  and  military  turbine  fuels 
and  aviation  gasolines. 

5.3  The  mass  heat  of  combustion,  the  heat  of  combustion 
per  unit  mass  of  fuel,  is  a  critical  property  of  fuels  intended 
for  use  in  weight-limited  craft  such  as  airplanes,  surface  cfTccl 
vehicles,  and  hydrofoils.  The  range  of  such  craft  between 
refueling  is  a  direct  function  of  the  heat  of  combustion  and 
density  of  the  fuel. 

.6.  Apparatus 

6.1  Test  Room,  Bomb,  Calorimeter,  Jacket,  Thermome¬ 
ters,  and  Accessories,  as  described  in  Annex  Al. 

7.  Reagents 

7.1  Benzoic  Add,  Standout' — Benzoic  acid  powd.r  must 
be  compressed  into  a  tablet  or  pellet  before  weighing. 
Benzoic  acid  pellets  for  whieh  the  heat  of  combustion  has 
been  determined  by  comparison  with  the  National  Bureau  of 
Standards  sample  arc  obtainable  commercially  for  those 
laboratories  not  equipped  to  pellet  ben/oic  acid. 

7.2  Gelatin  Capsules. 

7.3  Methvl  Change  or  Methyl  Red  Indicator. 

7.4  Mineral  Oil. 


’ Obtainable  from  the  National  Ruffin  Standards.  Washington,  DC  20234.  as 
standard  umplc  N'o  39i. 


7.5  Oxygen— Commcrical  oxygen  produced  from  liquid  . 

air  can  be  used  without  purification.  If  purification  is 
necessary  see  Annex  A 1 . 1 1 .  i 

Note  3:  Warning— Oxygen  vigorously  accelerates  combustion.  See 
Annex  A3.2.  < 

I 

7.6  Pressure-Sensitive  Tape3— Cellophane  tape  38  mm  ' 
(1  '/z  in.)  wide,  free  of  chlorine  and  sulfur. 

1.1  Alkali,  Standard  Solution: 

7.7.1  Sodium  Hydroxide  Solution  (0.0866  N)— Dissolve 

3.5  g  of  sodium  hydroxide  (NaOH)  in  water  and  dilute  to  1  > 
L.  Standardize  with  potassium  acid  phthalate  and  adjust  to  ‘ 
0.0866  N  as  described  in  Method  E  200. 

Note  4:  Warning— Corrosive.  Can  cause  severe  bums  or  blindn*ss. 
Evolution  of  heat  produces  a  violent  reaction  or  eruption  upon  too  rapid 
mixture  with  water.  Sec  Annex  A3. 1 .  ’  i 

7.7.2  Sodium  Carbonate  Solution  (0.0725  N) — Dissolve  ■' 
3.84  g  of  Na2C03  in  water  and  dilute  to  1  L.  Standardize  ■ 
with  potassium  acid  phthalate  and  adjust  to  0.0725  N  as 
described  in  Method  E  200. 

7.8  2,2,4-Trimcthylpcntanc  (riooctane),  Standard? 

Note  5:  Warning — Extremely  flammable.  Harmful  if  inhaled.  Va¬ 
pors  may  cause  dash  fire.  See  Annex  A3. 3.  ;• 

1 

8.  Standardization 

8.1  Determine  the  energy  equivalent  of  the  calorimeter  as 
the  average  of  not  less  than  six  tests  using  standard  benzoic 
acid.10  These  tests  should  be  spaced  over  a  period  of  not  less  , 
than  three  days.  Use  not  less  than  0.9  g  nor  more  than  1.1  g  . 
of  standard  benzoic  acid  (C4H4C00H).  Make  each  determi-  ■ 
nation  according  to  the  procedure  described  in  Section  9  and  * 
compute  the  corrected  temperature  rise,  t,  as  described  in 

10.1  or  10.2.  Determine  the  corrections  for  nitric  acid 
(HN03)  and  firing  wire  as  described  in  10.3  and  substitute  in 
the  following  ccuation: 

» '=(Qxs  +  e,+e2)/t  (1)  • 

where: 

W  =  energy  equivalent  of  calorimeter,  MJ/'C, 

Q  =  heat  of  combustion  of  standard  benzoic  acid,  MJ/g, 
calculated  from  the  certified  value,  ^  ■" 

g  -  weight  of  standard  benzoic  acid  sample,  g, 
l  =  corrected  temperature  rise,  as  calculated  in  10  1  or 
10.2,  'C, 

Ci  =  correction  for  heat  of  formation  of  nitric  acid,  MJ 
and 

e2  =  correction  for  heat  of  combustion  of  firing  wire,  MJ. 

8.1.1  Standardization  tests  should  be  repeated  '  after 
changing  any  part  of  the  calorimeter  and  occasionally  as  a 
cheek  on  both  calorimeter  and  operating  technique. 

8.2  Checking  the  Calorimeter  for  Use  with  Volatile  Fu¬ 
els — Use  2,2.4-tnmetli\lpentanc  to  determine  whether  the 
results  obtained  agree  with  the  certified  value  (47.788  MJ/kg, 
weight  in  air)  within  the  repeatability  of  the  test  method,  if 
results  do  not  come  within  this  range,  the  method  of 


*  Cellophane  tape  Scotch  Rrand  No  600  or  610  available  from  Ihc  Minnesota 
Mining  anil  Manufacturing  Company  meets  the  Specification  taiuuemcnts. 

’Obtainable  fiom  the  National  lluieau  Standards.  Washington.  DC  20234.  is 
standard  sample  No  217b. 

'“See  Jessup,  ft  S.  "Precise  Measurement  of  Ileal  of  Combustion  ssuh  a 
Romb  Calorimeter."  SUS  M.inograph  1.  U.  S  Government  Printing  Olfiee 
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handling  the  sample  may  have  to  be  changed  (Annex  A  1.8). 
If  this  is  not  possible  or  does  not  correct  the  error,  run  a 
series  of  tests  using  2,2.4-trimethylpentane  to  establish  the 
energy  equivalent  for  use  with  volatile  fuels. 

8.3  Heat  of  Combustion  of  Pressure-Sensitive  Tape  or 
Gelatin/Mineral  Oil—  Determine  the  heat  of  combustion  of 
cither  the  pressure-sensitive  tape  or  0.5  g  gelatin  capsule/ 
mineral  oil  in  accoruancc  with  Section  9  using  about  1.2  g  of 
tape  o,  0.5  g  gelatin  capsule/mineral  oil  and  omitting  the 
sample.  Make  at  least  three  determinations  and  calculate  the 
heat  of  combustion  as  follows: 

CP>1  =  (Ar  X  IK  -  e,)/1000  a  (2) 

where: 

(?Psi  —  heat  of  combustion  of  the  pressure-sensitive  tape  or 
mineral  oil,  MJ/kg, 

Ar  =  corrected  temperature  rise,  as  calculated  in  accord¬ 
ance  with  -10.1  or  10.2,  *C, 

W  =  energy  equivalent  of  the  calorimeter,  MJ/*C, 
e,  =  correction  for  the  heat  of  formation  of  HN03,  MJ, 
and 

a  =  mass  of  the  pressure-sensitive  tape  or  gelatin  cap¬ 
sule/mineral  oil,  g. 

Average  the  determinations,  and  redetermine  the  heat  of 
combustion  of  the  tape  or  gelatin  capsulc/mineral  oil  when¬ 
ever  a  new  roll  or  batch  is  started. 

9.  Procedure 

9.1  Weight  of  Sample — Control  the  weight  of  sample 
(including  any  auxiliary  fuel)  so  that  the  temperature  rise 
produced  by  its  combustion  will  be  equal  to  that  of  0.9  to  1.1 
g  of  benzoic  acid  (Note  6).  Weigh  the  sample  to  the  nearest 
0. 1  mg. 

Note  6 — If  the  approximate  heat  of  combustion  of  the  sample  is 
known,  the  required  weight  can  be  estimated  as  follows. 

g  =  26.454/(2,  (3) 

where: 

g  =  weight  of  sample,  g,  and 
Qs  =  MJ/kg. 

Note  7 — Some  fuels  may  contain  witcr  and  particulate  matter  (ash) 
that  will  degrade  calorimetric  values.  If  the  heat  of  combustion  is 
required  on  a  clean  fuel,  filter  the  sample  to  remove  free  water  and 
insoluble  ash  before  testing. 

9.1.1  For  highly  volatile  fluids,  reduce  loss  with  use  of 
tape"  or  gelatin  capsule  mineral  oil. 

9. 1 .2  Tape — Place  a  piece  of  pressure-sensitive  tape  across 
the  top  of  the  cup,  trim  around  the  edge  with  a  razor  blade, 
and  seal  tightly.  Place  3  by  1 2-mm  strip  of  tape  creased  in  the 
middle  and  scaled  by  one  edge  in  the  center  of  the  tape  disk 
to  give  a  flap  arrangement.  Weigh  the  cup  and  tape.  Remove 
from  the  balance  with  forceps.  Fill  a  hypodermic  syringe 
with  the  sample.  The  volume  of  sample  can  be  estimated  as 
follows: 


K=  (IP x  0  00032)/((2  x  D) 


1 1  Acceptable  procedures  for  handling  solaule  liquids  include  those  described  in 
the  repons  relcrenced  al  Ihe  end  of  this  lesl  method  Kclcrenccs  ( I )  lo  (6)  Jcvnbc 
glass  sample  huldcrs.  {7}  dcscnocs  a  mcial  sample  holder.  describes  a  gelatin 
sample  holder 


where: 

1'  =  volume  of  sample  to  be  used,  mL, 

W  =  energy  equivalent  of  calorimeter,  J/'C, 

(2  =  approximate  heat  of  combustion  of  the  sample,  MJ/ 
kg,  and 

D  =  density,  kg/m3,  of  the  sample. 

9. 1.2.1  Add  the  sample  to  the  cup  by  inserting  the  tip  of 
the  needle  through  the  tape  disk  at  a  point  so  that  the  flap  of 
tape  will  cover  the  puncture  upon  removal  of  the  needle.  Seal 
down  the  flap  by  pressing  lightly  with  a  metal  spatula. 
Rcwcigh  the  cup  with  the  tape  and  sample.  Take  care 
throughout  the  weighing  and  filling  operation  to  avoid 
contacting  the  tape  or  cup  with  bare  fingers.  Place  the  cup  in 
the  curved  electrode  and  arrange  the  fuse  wire  so  that  the 
central  portion  of  the  loop  presses  down  on  the  center  of  the 
tape  disk. 

9.1.3  Gelatin/Minetal  Oil — Weigh  the  cup  and  gelatin 
capsule.  The  capsule  should  only  be  handled  with  forceps. 
Add  the  sample  to  the  capsule.  Rewcigh  the  cup  wiin  capsule 
and  sample.  If  poor  combustion  is  expected  with  the  capsule, 
add  several  drops  of  mineral  oil  on  the  capsule  and  reweigh 
the  cup  and  contents.  Place  the  cup  in  the  curved  electrode 
and  arrange  the  fuse  wire  so  that  the  central  portion  of  the 
loop  contacts  the  capsule  and  oil. 

9.2  Water  in  Pomb— Add  1.0  mL  of  water  to  the  bomb 
from  a  pipet. 

9.3  Oxygen — With  the  test  sample  and  fuse  in  place, 
slowly  charge  the  bomb  with  oxygen  to  30-atm  (3.0-MPa) 
gage  pressure  at  room  temperature  (Note  9).  Do  not  purge 
the  bomb  to  remove  entrapped  air. 


[NOTE  8  caution— IK  curciui  not  to  overcharge  the  bomb.  If,  by 
accident,  the  oxygen  introduced  into  Ihe  bomb  should  exceed  4  0  MPa 
do  not  proceed  with  the  combustion.  An  explosion  might  occur  with 
possible  violent  rupiurc  or  the  bomb  Detach  the  filling  connection  and 
exhaust  the  bomb  in  the  usual  manner  Discard  the  sample,  unless  it  has 
lost  no  weight,  as  shown  by  reweighing. 

Note  9— Lower  or  higher  initial  oxygen  pressures  may  be  used 
within  the  range  from  2.5  to  3.5  MPa,  provided  the  same  pressure  is 
used  for  all  tests,  including  standardization. 


9.4  Calorimeter  Hater — Adjust  the  calorimeter  water" 
temperature  before  weighing  as  follows: 


Isothermal  jacket  method 

Adiabciic  jacket  method  is 
(9.6) 


1.6  to  2.0'C 
below  jacket  temperature 
1.0  to  1.4'C 
below  room  temperature. 


slightly  above  tha,  of  the  jacket  for  aiorim^rs  uZ 
equivalent  of  approximate^  10  2  kJrC  Some  operators  prefer  a  lower 
initial  temperature  so  that  the  final  temperature  is  slightly  below  that  o’f 
the  jacket.  I  his  procedure  is  acceptable,  provided  it  is  used  in  all  tests 
including  standardization. 


9  4  1  Use  the  same  amount  (±0  5  g)  of  distilled  or 
deionized  water  in  the  calorimeter  vessel  for  each  test.  The 
amount  of  water  (2ux)  g  is  usual)  can  he  most  satisfactorily 
determined  by  weighing  the  calorimeter  vessel  and  water 
together  on  a  balance.  I  he  water  may  he  measured  volumcl- 
rically  if  it  is  measured  always  at  the  same  temperature. 

9.5  Observations.  Isothermal  Jacket  Method—  Assemble 
the  calorimeter  in  the  jacket  and  start  the  stirrer.  Allow  5 
min  lor  attainment  M  equilibrium,  then  record  the  calorim¬ 
eter  temperatures  (Note  1 1 )  at  1 -mm  intervals  lor  5  min.  Fire 


t 
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the  charge  at  the  start  of  the  sixth  minute  and  record  the  time 
and  temperature,  ta.  Add  to  this  temperature  60  %  of  the 
expected  temperature  rise,  and  record  the  time  at  which  the 
60  %  point  is  reached  (Note  12).  After  the  rapid  rise  period 
(about A  to  5  min),  record  temperatures  at  1-min  intervals  on 
the  minute  until  the  difference  between  successive  readings 
has  been  constant  for  5  min. 

Note  II — Use  a  magnifier  and  estimate  all  readings  (except  those 
during  the  rapid  rise  period)  to  the  nearest  0.002'C  when  using  ASTM 
Bomb  Calorimeter  Thermometer  56C.  Estimate  Beckmann  thermom¬ 
eter  readings  to  the  nearest  0.00 1'C  and  25-0  resistance  thermometer 
readings  to  the  nearest  0.0001  0.  Tap  mercurial  thermometers  with  a 
pencil  just  before  reading  to  avoid  errors  caused  by  mercury  sticking  to 
the  walls  of  the  capillary. 

Note  12 — When  the  approximate  expected  nsc  is  unknown,  the  time 
at  which  the  temperature  reaches  60  %  of  the  total  can  be  determined  by 
recording  temperatures  at  45,  60.  75,  90,  and  105  s  after  firing  and 
interpolating. 

9.6  Obscnations.  Adiabatic  Jacket  Method  (Note  13) — 
Assemble  the  calorimeter  in  the  jacket  and  start  the  stirrers. 
Adjust  the  jacket  temperature  to  be  equal  to  or  slightly  lower 
than  the  calorimeter,  and  run  for  5  min  to  obtain  equilib¬ 
rium.  Adjust  the  jacket  temperature  to  match  the  calorimeter 
within  ±0.0  PC  and  hold  for  3  min.  Record  the  initial 
temperature  (Note  6)  and  fire  the  charge  Adjust  the  jacket 
temperature  to  match  that  of  the  calorimeter  during  the 
period  of  rise,  keeping  the  two  temperatures  as  nearly  equal 
as  possible  during  the  rapid  rise,  and  adjusting  to  within 
±0.0 1°C  when  approaching  the  Tina!  equilibrium  tempera¬ 
ture.  Take  calorimeter  readings  at  1-min  intervals  until  the 
same  temperature  is  observed  in  ihrcr  successive  readings. 
Record  this  as  the  final  temperature,  lime  intervals  arc  not 
recorded  as  they  are  not  critical  in  the  adiabatic  method. 

Note  13— These  instructions  supersede  the  instructions  given  in  9.5 
when  using  jackets  equipped  for  adiabatic  temperature  control. 

9.7  Analysis  of  Bomb  Contents — Remove  the  bomb  and 
release  the  pressure  at  a  uniform  rate  such  that  the  operation 
will  require  not  less  than  1  min.  Examine  the  bomb  interior 
for  evidence  of  incomplete  combustion.  Discard  the  test  if 
unburned  sample  or  sooty  deposits  arc  found. 

9.7.1  Wash  the  interior  of  the  bomb,  including  the  elec¬ 
trodes  and  sample  holder,  with  a  fine  jet  of  water  and 
quantitatively  collect  the  washings  in  a  beaker.  Use  a 
minimum  of  wash  water,  preferably  less  than  350  mL. 
Titrate  the  washings  with  standard  alkali  solution,  using 
methyl  orange  or  methyl  red  indicator. 

9.7.2  Remove  and  measure  the  combined  pieces  of 
unburned  firing  wire,  and  subtract  from  the  original  length. 
Record  the  difference  as  "wire  consumed." 

S./.3  Determine  the  sulfur  content  of  the  sample  if  it 
exceeds  0.1  %.  Determine  sulfur  by  analyzing  the  bomb 
washings  remaining  after  the  acid  titration,  using  the  proce¬ 
dure  described  in  lest  Method  D  129. 

10.  Calculation 

10. 1  Temperature  Rise  m  Isothermal  Jacket  Calorime¬ 
ter — Using  data  obtained  as  presented  in  9.5,  compute  the 
temperature  rise,  t,  in  an  isothermal  jacket  calorimeter  as 
follows: 


t  =  tc-‘a-  ri(b  u(c  -  b)  (4) 

where: 

t  =  corrected  temperature  rise, 
a  =  time  of  firing, 

b  =  time  (to  nearest  0.1  min)  when  the  temperature  rise 
reaches  60  %  of  total, 

c  =  time  at  beginning  of  period  in  which  the  rate  of 
temperature  change  with  time  has  become  constant 
(after  combustion), 

la  =  temperature  at  time  of  firing,  corrected  for  thermom¬ 
eter  error  (Note  14), 

tc  =  temperature  at  time,  c,  corrected  for  thermometer 
error  (Note  14), 

r,  =  rate  (temperature  units  per  minute)  at  which  temper¬ 
ature  was  rising  during  5-min  penod  before  firing,  and 
r2  =  rate  (temperature  units  per  minute)  at  which  temper¬ 
ature  was  rising  during  the  5-min  period  after  time  c. 
If  the  temperature  is  falling,  r2  is  negative  and  the 
quantity  -r2(c  -  b)  is  positive. 

Note  14 — All  mercury -in-glass  thermometers  must  be  corrected  for 
scale  error,  using  data  from  the  thermometer  certificate  prescribed  in 
Annex  Al,  Al.5.1,  or  A1.5  2.  Beckmann  thermometers  also  require  a 
setting  correction  and  an  emergent  stem  correction  (Annex  A2,  A2. 1 .2). 
Solid-stem  ASTM  Thermometers  56F  and  56C  do  not  require  emergent 
stem  corrections  if  all  tests,  including  standardization  arc  performed 
within  the  same  5.5'C  interval.  If  operating  temperatures  exceed  this 
limit,  a  differential  emergent  stem  correction  (Annex  A2,  A2.1.I)  must 
be  applied  to  the  correct  temperature  nsc,  t,  in  all  tests,  including 
standardization. 

1 0.2  Temperature  Rise  in  Adiabatic  Jacket  Calorimeter — 
Using  data  obtained  as  prescribed  in  9.6,  compute  the 
temperature  rise,  t,  in  an  adiabatic  jacket  calorimeter  as 
follows: 

'  =  (5) 

where: 

l  =  corrected  temperature  rise, 

ta  =  temperature  when  charge  was  fired,  corrected  for 
thermometer  error  (Note  14,  and 
If  =  filial  equilibrium  temperature,  corrected  for  the  ther¬ 
mometer  error  (Note  14). 

10.3  Thermochcmical  Corrections  (Annex  A2) — 
Compute  the  following  for  each  test: 

e,  =  correction  for  heat  of  formation  of  nitric  acid  (IlNOj), 

M '  -=  cm3  of  standard  (O.OS66  X)  NaOI  I  solution  used 
in  titration  x  5/106, 

e2  =  correction  for  heat  of  formation  of  sulfuric  acid 
(IUS04).  MJ  =  58.6  x  pciccntagc  of  sulfur  in  sample 
x  mass  of  sample/ 106, 

e}  -  correction  for  heat  of  combustion  of  firing  wire,  MJ, 

=  1.13  X  millimetres  of  iron  wire  consumed/ lO*, 

=  0.96  X  millimetres  of  Chromcl  C  wire  consumed/ 10s, 
and 

e4  =  correction  for  heat  of  combustion  of  pressure-sensitive 
tape  or  gelatin  capsule  and  mineral  oil,  MJ  =  mass  of 
tape  or  capsule  oil.  g  x  heat  of  combustion  of  tape  or 
capsule/oil,  MJ/kg/10\ 

10  4  Gross  Ileal  o)  Combustion — Compute  the  gross  heat 
of  combustion  by  substituting  in  the  following  equation: 

Q,  =  (fir  -  e,  -  e,  -  e,  -  r4)/i000  B  (6) 
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where: 

<?r 


t 

W 

eU  e2>  ^3> 

g 


=  gross  heat  of  combustion,  at  constant 
volume  expressed  as  MJ/kg  (Note  10), 

=  corrected  temperature  rise  as  calculated  in 
10.1  or  10.2,  *C, 

=  energy  equivalent  of  calorimeter,  MJ/*C 
(Section  8), 

— ■•  corrections  as  prescribed  in  10.3,  and 
=  weight  of  sample,  g. 

Note  1 5 — The  gross  heat  of  combustion  at  constant  pressure  may  be 
calculated  as  follows: 

<2gP=  Qx  +  0.006145// 

where: 

e»  =  gross  heat  of  combustion  at  constant  pressure, 

•  MJ 
■ki-*and 

//  =  hydrogen  content,  mass  %. 

10.5  Net  Heat  of  Combustion: 

10.5.1  If  the  percentage  of  hydrogen,  //,  in  the  sample  is 
known,  the  net  heat  of  combustion  may  be  calculated  as 
follows: 

Qn  =  Qg-  0.2122  xH  (7) 

where: 

Qn  =  net  heat  of  combustion  at  constant  pressure,  MJ/kg, 
Qg  =  gross  heat  of  combustion  at  constant  volume,  MJ/kg, 
and 

H  =  mass  percent  of  hydrogen  in  the  sample. 

10.5.2  If  the  percentage  of  hydrogen  in  aviation  gasoline 
and  turbine  fuel  samples  is  not  known,  the  net  heat  of 
combustion  may  be  calculated  as  follows:12 

Qn  =  10.025  +  (0.7I95)(?S  (8) 

where: 

Qn  =  net  heat  of  combustion  at  constant  pressure,  MJ/kg, 
Qg  =  gross  heat  of  combustion  at  constant  volume,  MJ/kg. 


12  Equation  8  is  recommended  only  if  the  percentage  of  hydrogen  is  not  Inown. 
II  is  based  in  Eq  7  and  an  empirical  relation  between  //  and  the  percentage  of 
hydrogen  in  aviation  gasolines  and  turbine  fuels,  developed  from  data  by  R  S 
Jessup  and  C.  S.  Cragos,  "Net  Heat  of  Combustion  of  AN-F  28  Aviauon 
Gasolines."  Nat.  Advisory  Committee  for  Aeronautics.  Technical  Note  No  996, 
June  1945,  and  Joseph  A.  Cogliano  and  Ralph  S.  Jessup.  “Relation  Between  Net 
Heat  of  Combustion  and  Ar.ilme-Gravity  Product  of  Aircraft  Tuels,"  Nat  Bureau 
of  Standards  Report  23-13,  March  1953. 


11.  Report 

11. 1  Net  heat  of  combustion  is  the  quantity  required  in 
practical  applications.  The  net  heat  should  be  reported  to  the 
nearest  0.005  MJ/kg. 

Note  16 — Usually  the  gross  heat  of  combustion  is  reported  for  fuel 
oils  in  preference  to  net  heat  i  r  combustion. 

1 1.2  To  obtain  the  gross  or  net  heat  of  combustion  in  cal 
(I.T.)/g  or  Btu/lb  divide  by  the  appropriate  factor  reporting 
to  the  nearest  0.5  cal/g  or  1  Btu/lb. 

=  (G.  MJ/kg)/0.002326 
Gka/lb  =  ((?,  friJ/kg)/0.004 1 868 

12.  Precision  aDd  Bias13 

12.1  Precision — The  precision  of  this  test  method  as 
obtained  by  statistical  examination  of  intcrlaboratory  test 
results  is  as  follows: 

12.1.1  Repeatability — The  difference  between  successive 
test  results  obtained  by  the  same  operator  with  the  same 
apparatus  under  constant  operating  conditions  on  identical 
test  material,  would  in  the  long  run,  in  the  normal  and 
correct  operation  of  the  test  method,  exceed  the  values 
shown  in  the  following  table  only  in  one  case  in  twenty. 

Repeatability  0.13  MJ/kg 

12.1.2  Reproducibility — The  difference  between  two 
single  and  independent  results,  obtained  by  different  opera¬ 
tors  working  in  different  laboratories  on  identical  test  mate¬ 
rial,  would  in  the  long  run,  in  the  normal  and  correct 
operation  of  the  test  method,  exceed  the  values  shown  in  the 
following  table  only  in  one  case  in  twenty. 

Reproducibility  0.40  MJ/kg 

12.2  Dias— No  general  statement  is  made  on  bias  for  the 
standard  since  comparison  with  accepted  reference  materials 
(covering  the  range  of  values  expected  when  the  method  is 
used)  is  not  available. 


12  The  summary  of  cooperative  test  data  from  which  these  repeatability  and 
reproducibility  values  were  calculated  was  puohshed  lor  information  as  Appendix 
XII  to  the  1957  Rcpoii  of  Commnice  D-2  on  i’ctroleum  Products  and  Lubncants. 
The  summary  of  test  data  was  also  published  from  1953  to  1966,  inclusive  as 
Appendix  III  to  ASTM  Muhou  D  240.  The  data  arc  now  filed  at  ASTM 
Headquarters  as  Research  Report  No.  RR  D-2-38. 


#  D  240 


ANNEXES 

(Mandatory  Information)  . 

Al.  APPARATUS  FOR  IIF.AT  OF  COMBUSTION  TEST 

must  be  maintained  for  ail  experiments,  including  standard- 


Al.l  Test  Room — The  room  in  hich  the  calorimeter  is 
operated  must  be  free  from  drafts  and  not  subject  to  sudden 
temperature  changes.  The  direct  rays  of  the  sun  shall  not 
strike  the  jacket  or  thermometers.  Adequate  facilities  for 
lighting,  heating,  and  ventilating  shall  he  provided.  Thermo¬ 
static  control  of  room  temperature,  and  controlled  relative 
humidity  are  desirable. 

A1.2  Oxygen  Bomb — The  oxygen  bomb  shall  have  an 
internal  volume  of  350  ±  50  mL.  All  parts  shall  be 
constructed  of  materials  which  are  not  affected  by  the 
combustion  process  or  products  sufficiently  to  introduce 
measurable  heat  input  or  alteration  of  end  products.  If  the 
bomb  is  lined  with  platinum  or  gold,  all  openings  shall  be 
sealed  to  prevent  combustion  products  from  reaching  the 
base  metal.  The  bomb  must  be  designed  so  that  all  liquid 
combustion  products  can  be  completely  recovered  by 
washing  the  inner  surfaces.  There  must  be  no  gas  leakage 
during  a  test.  The  bomb  must  be  capable  of  withstanding  a 
hydrostatic  pressure  test  to  a  gage  pressure  of  3000  psi  (20 
MPa)  at  room  temperature,  without  stressing  any  part 
beyond  its  elastic  limit.14 

A  1.3  Calorimeter— The  calorimeter  (Note  Al. I)  vessel 
shall  be  made  of  metal  (preferably  copper  or  brass)  with  a 
tarnish-resistant  coating,  and  with  all  outer  surfaces  highly 
polished.  Its  size  shall  be  such  that  the  bomb  will  be 
completely  immersed  in  water  when  the  calorimeter  is 
assembled.  It  sha'l  have  a  device  for  stirring  the  water 
thoroughly  and  at  a  uniform  rate,  but  with  minimum  heat 
input.  Continuous  stirring ‘for  10  min  shall  not  raise  the 
calorimeter  temperature  more  than  0.0 1*C  starting  with 
identical  temperatures  in  the  calorimeter,  room,  and  jacket. 
The  immersed  portion  of  the  stirrer  shall  be  coupled  to  the 
outside  through  a  material  of  low  heat  conductivity. 

Note  Al.l—  As  used  in  this  test  method,  the  term  "calorimeter" 
designates  the  bomb,  the  vessel  with  stirrer,  and  the  water  in  which  the 
bomb  is  immersed. 

A 1. 4  Jacket— The  calorimeter  shall  be  completely  en¬ 
closed  within  a  stirred  water  jacket  and  supported  so  that  its 
sides,  top,  and  bottom  arc  approximately  10  mm  from  the 
jacket  wall.  The  jacket  may  be  arranged  so  as  to  remain  al 
substantially  constant  temperature,  or  with  provision  for 
rapidly  adjusting  the  jacket  temperature  to  equal  that  of  the 
calorimeter  for  adiabatic  operation,  it  must  be  constructed  so 
that  any  water  evaporating  from  the  jacket  will  not  condense 
on  the  calorimeter.14 

A  1.4.1  A  double-walled  jacket  with  a  dead-air  insulation 
space  may  be  substituted  for  the  constant-temperature  water 
jacket  if  the  calorimeter  is  operated  in  a  constant-temper¬ 
ature  (±2'F)  (±rC)  room.  The  same  ambient  conditions 


14  The  arpjraiuv  a'ailaMe  from  Parr  Inurumenl  Co.  211  Pifiy-Thifd  Si , 
Molmc.  IL  61265  has  beer,  satisfactory  for  this  puqx/v.. 


ization.  j 

A  1.5  Thermometers — Temperatures  in  the  calorimeter  J 
and  jacket  shall  be  measured  with  the  following  thermome¬ 
ters  or  combinations  thereof:  i 

A 1 .5. 1  Etched  Stem.  Afercury-m-GIass,  ASTAI  Bomb  Cal¬ 
orimeter  Thermometer  having  a  range  from  66  to  95’F  or  19  1 
to  35’C,  18.9  to  25.  TO,  or  23.9  to  30.1*C,  as  specified,  and  : 
conforming  to  the  requirements  for  Thermometer  56F,  56C,  ; 
116C,  or  117C,  respectively,  as  prescribed  in  Specification 
E  I.  Each  of  these  thermometers  shall  have  been  tested  for  j 
accuracy  at  intervals  no  larger  than  2.5*F  or  2.0'C  over  the  - 
entire  graduated  scale.  Corrections  shall  be  reported  to  ; 
0.005*F  or  0.002*C,  respectively,  for  each  test  point.  i 

A  1.5. 2  Beckmann  Differential  Thermometer,  range  6°C  j 
reading  upward  as  specified  and  conforming  to  the  require-  ( 
menls  for  Thermometer  1 15C  as  prescribed  in  Specification  . 
E  1.  Each  of  these  thermometers  shall  be  tested  for  accuracy  • 
at  intervals  no  larger  than  1“C  over  the  entire  graduated  scale  ; 
and  corrections  reported  to  0.00 1°C  for  each  test  point.  I 
A  1.5.3  Calorimetric  Type  Platinum  Resistance  Thermom-  ! 
eler,  25  •  ft.  •  | 

A  1.6  Thermometer  Accessories — A  magnifier  is  required  ,• 
for  reading  mcrcury-in-glass  thermometers  to  one  tenth  of , 
the  smallest  scale  division.  This  shall  have  a  lens  and  holder 
designed  so  as  not  to  introduce  significant  errors  due  to  * 
parallax.  [ 

A 1 .6. 1  A  Wheatstone  bridge  and  galvanometer  capable  of ., 
measuring  resistance  of  0.0001  ft  arc  necessary  for  use  with  • 
resistance  thermometers.  v  .  j 

A  1.7  Timing  Device — A  watch  or  other  timing  device; 
capable  of  measuring  time  to  1  s  is  required  for  use  with  the ! 

isothermal  jacket  calorimeter.  ' - - j- 

A1.8  Sample  Holder — Nonvolatile  samples  shall  be : 
burned  in  an  open  crucible  of  platinum  (preferred),  quartz  or , 
acceptable  base  metal  alloy.  Base  metal  alloy  crucibles  arc : 
acceptable  if  after  a  few  preliminary  firings  the  weight  docs : 
not  change  significantly  between  tests.  ■  j 

A 1 .9  Firing  Wire — Use  a  100-mm  length  of  No.  34  B  &  S  ’ 
gage  iron  wire  or  Chromcl  C  resistance  wire.  Shorter  lengths ' 
may  be  used  if  the  same  length  is  employed  in  all  tests.! 
including  standardization  tests.  Platinum  wire  may  be  used  if, 
the  ignition  energy  is  small  and  reproducible.  j 

AI.10  Firing  Circuit — A  6  to  16-V  alternating  or  direct- 
current  is  required  for  ignition  purposes  with  an  ammeter  or. 
pilot  light  in  the  circuit  to  indicate  when  current  is  flowing.  A 
step-down  transformer  connected  to  a  II5-V  50/60  Hi' 
lighting  circuit  of  storage  batteries  may  be  used.  1 

A  1.2  Caution — The  ignition  circuit  switch  shall  be  of  the' 
momentary  contact  type,  normally  open,  except  when  held: 
closed  by  the  operator. 

Al.l!  Oxygen  Purifying  Device — Commercial  oxvgcnj 
produced  from  liquid  air  can  generally  be  used  without: 


:  purifi 
not  b 
hydro 


A2.I 

A2. 

stem 

comp 

DifTcrc 

where 
K  = 


L  = 

T  = 
ta  = 
tc  = 
A2. 
Beckn 
may  fc 

DifTcrc 

where- 
S’  = 

K.  T.  t 
A2  ' 
may  b 

where: 
Fact 
tc  ar. 


A2.2  •' 

-  A2. 

5  J  fs 
N)  or  «■ 
titratio 


15  For 
Physics  S 
Industry , 


A3. 1  S 

Wan 
Evoluti 
upon  ti 
Befoi 
tcctivc 
Do  n 
Avoi. 


124 


i 


h) 


;  J.  ,.-5^.1.^  /.i  i 


If 
l 
| 
l 


£35S?gK 


^indard- 

"rimeter 

rmome- 

wi6  Cal- 
"For  19 
ied,  and 
■F,‘56C, 
Cication 
sted  for 
jver  the 
Srtcd  to 

tge  6*C 
■require  - 
ication 
^curacy 
ed  scale 
t. 

rmom- 


1» 

ii 


quired 
nth  of 
holder 
due  to 


able  of 
se  with 

device 
vith  the 


trail  be 
artz  or 
les  arc 
;ht  docs 

|lB&S 
;  "lengths 
;  ill  tests, 
used  if 


r  direct 
neter  or 
wing.  A 
^60  Hz 


I 


,e  of  the 
on  held 

oxygen 

■without 


v ^ryt v  ^  'v,'V  -<o- jWyA.  vcf*  s/*»efvvs:7*’'6$pzi*rf>ais* 

\^.,X  ri .  w  ^  - V  ■  ^  yf  fflu  /I  A  *t.,±  M  ^  ,V.  titi .  ■  t-.  ■  J/- 


#  D  240 

purification.  Oxygen  prepared  by  electrolysis  of  water  should  impurities  may  be  removed  from  oxygen  by  passing  it  over 
not  be  used  without  purification,  as  it  may  contain  enough  copper  oxide  (CuO)  at  about  500*C. 
hydrogen  to  affect  results  by  1  %  or  more.  Combustible 


A2.  CORRECTIONS 


A2.I  THERMOMETER  CORRECTIONS15 

A2.1.1  The  differential  emergent  stem  correction  for  solid 
stem  calorimetric  thermometers  (56F  and  56C)  may  be 
computed  from  the  following  equation: 

Differential  stem  correction  =  K(tc  -  ta)  (ta  +  tc-  L  -  T)  (A2.1) 
where: 

K  =  differential  expansion  coefficient  of  mercury  in  glass 
=  0.00016  for  Celsius  thermometers  or  0.00009  for 
Fahrenheit  thermometers. 

L  =  scale  reading  to  which  the  thermometer  was  im¬ 
mersed, 

T  =  mean  temperature  of  emergent  stem, 
ta  =  initial  temperature  reading,  and 
lc  =  final  temperature  reading. 

A2.1.2  Differential  emergent  stem  correction  for  a 
Beckmann  thermometer  immersed  to  the  zero  of  the  scale 
may  be  computed  as  follows: 

Differential  stem  correction  =  A'(rf  -  la)  (S  +  tc+  ta-  T)  (A2.2) 
where: 

S  =  “setting"  (temperature  at  zero  reading)  of  the  ther¬ 
mometer. 

K.  T.  tc  and  la  as  defined  in  A2.1.1. 

A2.1.3  “Setting”  correction  for  a  Beckmann  thermometer 
may  be  computed  as  follows: 

"Setting”  correction  =  factor  x  (rc  - 

where: 

Factor  is  obtained  from  Tabic  A2.1  and 
tc  and  ta  as  defined  in  A2.1.1. 

A2.2  TIIERMOCHEMICAL  CORRECTIONS 
A2.2. 1  Ileal  of  Formation  of  Nitric  Acid — A  correction  of 
5  J  is  applied  for  each  cubic  centimetre  of  standard  (0.0866 
A')  or  standard  (0.0725  N)  NaOH  solution  used  in  the  acid 
titration.  This  is  based  on  the  assumption  that  (1)  all  of  the 


11  For  a  complete  discussion  of  Ihose  corrections  see  the  American  Insliluic  of 
Physics  Symposium.  Temperature.  Its  Measurement  and  Central  in  Si  tense  onJ 
Industry,  Reishold  Publishing  Corp..  New  York,  NY  19-11. 


TABLE  A2.1  Correction  Factors 


Soiling 

Factor 

IS 

-0.0015 

20 

0.0000 

25 

+0  0015 

30 

+0.0029 

35 

+0  0043 

40 

+0.0056 

acid  titrated  is  HNOy  and  (2)  the  heat  of  formation  ofO.I  N 
HNO}  under  the  test  conditions  is  57.8  kJ/mole.  When 
H,S04  is  also  present,  part  of  the  correction  for  H2S04  is 
contained  in  the  ct  correction,  and  the  remainder  in  the  e2 
correction. 

A2.2.2  Heat  of  Formation  of  Sulfuric  Acid — A  correction 
of  5  86  kJ  is  applied  to  each  gram  of  sulfur  in  the  sample. 
This  is  based  utnin  the  heat  of  formation  of  0.17  N  H2S04, 
which  is  -301.-1  kJ.mole.  But.  a  correction  equal  to  2  X  57.8 
KJ/mole  of  sulfur  was  applied  for  I12S04  in  the  t*,  correction. 
Thus,  the  additional  correction  necessary  is  301.4  -  (2  X 
57.8)  =  185.8  kj/molc  or  5.86  kJ/g  of  sulfur. 

A2.2.2. 1  The  value  of  5.86  kJ/g  of  sulfur  is  based  on  a  fuel 
oil  containing  a  relatively  large  amount  of  sulfur  since  as  the 
percentage  of  sulfur  decreases,  the  correction  decreases  and 
consequently  a  Luger  emor  can  be  tolerated.  For  this 
calculation  0.8  5L  S.  99.2  %  Cl  I,  was  taken  as  the  empirical 
composition  of  fuel  oil.  If  a  0.6-g  sample  of  such  a  fuel  oil  is 
burned  in  a  bomb  containing  1  cm3  of  water,  the  H2S04 
formed  will  be  approximatel;  0.17  N. 

A2.2.2.2  Using  data  from  National  Bureau  of  Standards 
Circular  No.  500,  the  heat  of  reaction  S02  (g)  +  Vi  02  (g)  + 
651  II20  (1)  —  H2SO4-650  11,0  (1)  at  constant  volume  and 
3  MPa  is  —301.4  kg/mole. 

A2.2.3  Heat  of  Combustion  of  Fuse  IFire— The  following 
heats  of  combustion  arc  accepted: 

Iron  Wire.  No  Si  l)  £  S  gage  »  1.13  J/mm 

Chromel  C  wire  No  34  B  St  S  gage  «•  0.96  J/mm 

A2.2.4  Heat  of  Combustion  of  Pressure-Sensitive  Tape— 
The  correction  for  the  heat  of  combustion  of  the  tape  (as 
determined  in  accordance  with  8.3)  assumes  complete  com¬ 
bustion  of  the  tape. 


A3.  PRECAUTIONARY  STATEMENTS 


A3. 1  Sodium  Hydroxide 

Warning — Corrosive.  Can  cause  severe  burns  or  blindness. 
Evolution  of  heal  produces  a  violent  reaction  or  eruption 
upon  too  rapid  mixture  with  water. 

Before  using,  secure  information  on  procedures  and  pro¬ 
tective  measures  for  safe  handling. 

Do  not  get  in  eyes,  on  skin,  on  clothing. 

Avoid  breathing  dusts  or  mists. 


Do  not  lake  internally. 

When  handling,  use  chemical  safety  goggles  or  face  shield, 
protective  gloves.  Ivois  and  clothing. 

When  mixing  wuh  water,  add  slowly  to  surface  of  solution 
to  avoid  violent  spattering  In  the  preparation  of  solutions  do 
not  use  hot  water,  limit  temperature  rise,  with  agitation,  to 
10'C/nun  or  hum  solution  temperature  to  a  maximum  of 
90*C.  No  single  addition  should  cause  a  concentration 
increase  greater  than  5 
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A3.2  Oxygen 

Warning — Oxygen  vigorously  accelerates  combustion. 

Do  not  exceed  the  sample  size  limits. 

Do  not  use  oil  or  grease  on  regulators,  gages,  or  control 
equipment. 

Use  only  with  equipment  conditioned  for  oxygen  service 
by  carefully  cleaning  to  remove  oil,  grease,  and  other 
combustibles. 

Keep  combustibles  away  from  oxygen  and  eliminate 
ignition  sources. 

Keep  surfaces  clean  to  prevent  ignition  or  explosion,  or 
both,  on  contact  with  oxygen. 

Always  use  a  pressure  regulator.  Release  regulator  tension 
before  opening  cylinder  valve. 

All  equipment  and  containers  used  must  be  suitable  and 
recommended  for  oxygen  service. 

Never  attempt  to  transfer  oxygen  from  cylinder  in  which  it 
is  received  to  any  other  cylinder. 

Do  not  mix  gases  in  cylinders. 

Do  not  drop  cylinder.  Make  sure  cylinder  is  secured  at  all 
times. 

Keep  cylinder  valve  closed  when  not  in  use. 


Stand  away  from  outlet  when  opening  cylinder  valve.  I 
Keep  cylinder  out  of  sun  and  away  from  heat.  j 

Keep  cylinder  from  corrosive  environment. 

Do  not  use  cylinder  without  label.  j 

Do  not  use  dented  or  damaged  cylinders.  j 

For  technical  use  only.  Do  not  use  for  inhalation  purposes.  I 
Use  only  in  weil-vcntilatcd  area.  i 

See  compressed  gas  association  booklets  G-4  and  G-4. 1  for  ; 
details  of  safe  practice  in  the  use  of  oxygen.  i 

.  •  l 

l 

A3.3  2,2,4-Trimethylpentane  | 

Warning— Extremely  flammable.  Harmful  if  inhaled.  j 

Vapors  may  cause  flash  fire.  j 

Keep  away  from  heat,  sparks,  and  open  flame.  } 

Keep  container  closed.  * 

Use  with  adequate  ventilation.  .  j 

Avoid  buildup  of  vapors  and  eliminate  all  sources  of  . 
ignition,  especially  nonexplosion-proof  electrical  apparatus  ’. 
and  heaters.  j 

Avoid  prolonged  breathing  of  vapor  or  spray  mist.  I 

Avoid  prolonged  or  repeated  skin  contact.  .  f. 
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Standard  Test  Method  for "  ......  . 
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Thu  standard  u  issued  under  the  fixed  designation  D  2650;  the  number  immediately  following  the  designation  indicates  the  year  of 
onginal  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  reapprovaL  A 
superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapprovaL  .  ,.r  ,  .  ^ 


^^cope  .,  -  •  '  ‘  ■■ 

gpjj.j  This  test  method  covers  the  quantitative  analysis  of 
bests  containing  specific  combinations  of'  the  following 
llgxnponents:  hydrogen;  hydrocarbons  with  up  to  six  carbon 
per .  molecule;  carbon  monoxide;  carbon  dioxide; 
c&jaHcaptans  with  one  or  two  carbon  atoms  per  molecule; 
Sjydrogen  sulfide,  and  air  (nitrogen,  oxygen,  and  argon).  This 
method  cannot  be  used  for  the  determination  of  constit¬ 
uents  present  in  amounts  less  than  0.1  mole  %.  Dimethyl- 
fpiianes  are  assumed  absent  unless  specifically  sought.  ‘  - 


SvfSjioTE  I — Although  experimental  procedures  described  herein,  are 
uniform,  calculation  procedures  vary  with  application.  The  following 
0Bflucnces  guide  the  selection  of  a  particular  calculauon:  qualitative 
.  jS'jnixture  composiuon;  minimum  error  due  to  components  presumed 
StjbseM.  minimum  cross  interference  between  known  components, 

:  ^fcuximum  sensiuvity  to  known  components,  low  frequency  and  com- 
•  rf§plciiiy  of  calibration;  and  type  of  computing  machinery.  ■ 
gg'  Because  of  these  influences,  a  tabulation  of  calculation  procedures 
2f recommended  for  stated  applications  is  presented  in  Section  12  (Table 
£.1)- 

->§• .  Note  2 — This  test  method  was  developed  on  Consolidated  Electro¬ 
de  dynamics  Corporation  Type  103  Mass  Spectrometers.  Users  of  other 
jjjj, instruments  may  have  to  modify  operating  parameters  and  the  calibra- 
ff con  procedure. 

r-v  *  . 

g/  1.2  This  standard  may  involve  hazardous  materials,  oper- 
ff.ations,  and  equipment.  This  standard  does  not  purport  to 
b  address  all  of  the  safely  problems  associated  with  its  use.  It  is 
If  the  responsibility  of  the  user  of  this  standard  to  establish 
:t  appropriate  safety  and  health  practices  and  determine  the 
.  applicability  of  regulatory  limitations  prior  to  use.  For 
specific  precautionary  statements,  see  Note  6  and  Annex  A 1 . 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D  1 137  Method  for  Analysis  of  Natural  Gases  and  Related 
Types  of  Gaseous  Mixtures  by  the  Mass  Spectrometer 
D  1 145  Method  of  Sampling  Natural  Gas3 
D  1 247  Method  of  Sampling  Manufactured  Gas3 
D1265  Practice  for  Sampling  Liquefied  Petroleum  (LP) 
Gases4 

D  1302  Method  for  Analysis  of  Carbureted  Water  Gas  by 
the  Mass  Spectrometer5 


1  Thu  lot  method  is  under  the  jurisdiction  of  ASTM  Commuiee  D-2  on 
Petroleum  Products  and  Lubricants  and  u  the  direct  roponsibilny  of  Subcom¬ 
mittee  D02  W  on  Hydrocarbon  Analyses. 

L-rrcntediuon  approved  Nov.  I  /.  1 988.  Published  December  1988  '"'ngirslly 
PubiiU-.ed  as  D  2650  -  67  T.  Last  previous  edition  D  2650  -  83 

■  Discontinued;  see  1930  Annual  Book  of  ASTM  Standards.  Pari  -6. 

>  Discontinued;  see  1 934  Annual  Book  of  ASTM  Standards.  Vol  05.05. 

4  Annual  Book  of  ASTM  Standards.  Vol  05  01. 

!  Discontinued,  see  1943  Annual  Book  of  ASTM  Standards.  Pan  19. 


A  number  in  parentheses  indicates  the  year  of  last  reapptovaL  A  " •JT’.aTj'tr^ 

rision  or  reapprovaL  „r.,  .  ....  ...i . Va--! . Li  J /tia 

■.  *.  .•a-'Z.-r..  .  ii/Ti* 

.  E  137  Practice  for  Evaluation  of  Mass  Spectrometers  for 
:  .  Quantitative  Analysis  from  a  Batch  Inlet®  ..  -:c; 

3.  Terminology  ,, 

3.1  Definitions:  -:  : TJ  V.-d' 

3.1.1  mass  number  or  nt/e  value  of  an  ion— the  quotient 
of  the  mass  of  that  ion  (given  in  atomic  mass  units)  and  its 
positive  charge  (number  of  electrons  lost  during  ionization). 

3.1.2  parent  peak  of  a  compound — the  peak  at  which  the 

m/e  is  equal  to  the  sum  of  the  atomic  mass  values  for  that 
compound.  This  peak' is  sometimes  ‘  used  as  100%  in- 
computing  the  cracking  pattern  coefficients.  _  .  .  ” " 

3.1.3  base  peak  of  a  compound — the  peak  used  as  ICO  % 
in  computing  the  cracking  pattern  coefficient.  •" 

3.1.4  cracking  pattern  coefficient— the  ratio  of  a  peak  at 

any  m/e  relative  to  its  parent  peak  (or  in  some  cases  its  base 
peak).  ■  '  ■  '  ■  ■-  ■ 

3.1.5  sensitivity — the  height  of  any  peak  in  the  spectrum 
of  the  pure  compound  divided  by  the  pressure  prevailing  in 
the  inlet  system  of  the  mass  spectrometer  immediately  before 
opening  the  expansion  bottle  to  leak. 

3.1.6  partial  pressure — the  pressure  of  any  component  in 
the  inlet  system  before  opening  the  expansion  bottle  to  leak. 

3.1.7  cracked  gases — hydrocarbon  gases  that  contain 
unsaturates. 

3.1.8  straight-run  gases — hydrocarbon  gases  that  do  not 
contain  unsaturates. 

3.1.9  GLC—  a  gas-liquid  chromatographic  column  that  is 
capable  of  separating  the  isomers  of  butenes,  pentencs, 
hexanes,  and  hexenes. 

3.1.10  IR — infrared  equipment  capable  of  analyzing  gascs- 
for  the  butene  isomers.  ■ 

4.  Summary  of  Test  Method 

4.1  The  molecular  species  which  make  up  a  gaseous 
mixture  are  dissociated  and  ionized  by  electron  bombard¬ 
ment.  The  positive  ions  of  the  different  masses  thus  formed 
arc  accelerated  in  an  electrostatic  field  and  separated  in  a 
magnetic  field.  The  abundance  of  each  mass  present  is 
recorded.  The  mixture  spectrum  obtained  is  resolved  into 
individual  constituents  by  means  of  simultaneous  equations 
derived  from  the  mass  spectra  of  the  pure  compounds. 

5.  Significance  and  Use 

5.1  A  knowledge  of  the  composition  of  refinery  gases  is 
useful  in  diagnosing  the  source  of  plant  upsets,  in  deter¬ 
mining  the  suitability  of  certain  gas  streams  for  use  as  fuel,  or 
as  feedstocks  for  polymerization  and  alkylation,  and  for 
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9  monitoring  the  quality  of  commercial  gases. 

16.  Interferences 

6.1  In  setting  up  an  analysis,  it  is  possible  that  a  constit¬ 
uent  was  ignored.  Also,  an  impure  calibration  may  have 
been  used.  The  spectrum  calculated  from  the  composition 

I- found  is  to,  therefore,  be  compared  with  the  observed 
spectrum  of  the  mixture  at  masses  independent  of  the 
original  calculation.  Differences  so  computed,  called  resid¬ 
uals,  should  as  a  general  rule  be  less  than  1  %  of  the  original 

I  mixture  peak  for  an  acceptable  analysis.  Masses  suitable  for 
this  calculation  are  tabulated  with  each  calculation  proce¬ 
dure. 

I  Note  3 — Another  strategy  employed  to  reduce'  interferences  and 
increase  accuracy  consists  of  using  spectra  which  have  been  corrected  for 
contnbuuons  caused  by  the  rare  isotopes  of  carbon  and  hydrogen. . 

7:  Apparatus  •"  . . 

I1  .  .  .  .  ■  '  . 

7.1  Mass  Spectrometer — Any  mass  spectrometer  can  be 
used  with  this  test  method  that  shall  be  proven  by  perform¬ 
ance  tests  described  herein  and  in  Practice  E  137.  ..... 


spectrometers  with  conventional  tempcrature'control  and  for . 
laboratories  that  vary  the.  temperature  of  the  ionization 
.chamber  to  obtain  constant  patterns:  . 


9  8.-  Reference  Standards  <  " 

-  8.1  The  mass  spectrometer  must  be  calibrated  with  each 

of  the  components  constituting  the  unknown  mixture  to  be 

8  analyzed.  The  calibrating  compounds  must  be  of  the  highest 
possible  purity.7  Calibrants  may  be  prepared  in  the  labora¬ 
tory  doing  the  analysis  or  purchased  ready  for  use.  In  general, 
the  mass  spectrometer  is  capable  of  detecting  impurities  in 

Icalibrants  and  the  contribution  of  such  impurities  to  the 
calibration  spectrum  can  be  removed.  .  .  ;  . 

-  Note  4 — Some  of  the  calculation  procedures  require  the  use  of 

I  combined  spectra,  for  example,  air  and  butylenes.  Three  frequently  used 
possibilities  for  producing  combined  spectra  are  as  follows:  - 

(/)  Representative  fraction  from  a  specific  source,  ’ 

(2)  Multiplication  factors  to  convert  the  spectrum  of  a  pure  constit¬ 
uent  to  a  simulated  spectrum  of  the  mixture,  and  '  , 

|(i)  Proportionality  factors  for  combining  actual  calibrations. 

A  recommended  conccntrauon  limit  for  combined  mixtures  is  given. 
At  the  level  recommended,  the  residual  spectrum  contribute  less  than 
0.1  %.  error  in  any  one  result  when  the  concentration  of  any  constituent 

I  in  die  combined  mixturcjs  doubled.  — V  ;  % 

9.  Sampling  -  V  ■  ".  ■  ■  '  \ 

.9.1  Samples  shall  be  collected  by  methods  known  •  to 

I  provide  a  representative  .mixture  (of  the  material  to  be 
analyzed.’ Samples' can  lx: "  collected  in  accordance  with 
Method  D  U45  or.Methods  D  1247  orD  1265.." 'i  -  1 


lO.  Calibration  and  Standardization  '  j  ' 

10. 1  Apparatus— Determine  whether,  operating  condi¬ 

tions  remain  normal  by  making  certain  tests  periodically, 
following  instructions  furnished  by  the  manufacturer  of  the 
apparatus.  Include  in  these  tests  rate  of  leak,  ion-beam 
control  settings,  pattern  reproducibility,  and  galvanometer 
calibrations.  „•  .  ■ 

1 0.1.1  To  ascertain  pattern  stability,  the  following 
schedule  is  provided  both  for  laboratories  that  have  mass 


7  Research  grade  hydrocarbons  from  either  Philip*  Petroleum  Co..  Bartlesville. 
OK.  or  American  Petroleum  Institute  Sun&irUs  Reference  OITice.  Carnegie 
Mellon  University.  PuisOurg.’i.  PA.  have  been  lound  satisfactory. 


Run  Number  ..  Compound 

1  n-butane 

2  .  n-bulane 

—  3  .  hydrogen 

4  .  n-butane 

t  ;  5 hydrogen 

10.1.2  If  the  43/58  and  43/29  ratios  of  the  first  two  runs 

do  not  agree  with  0.8  %,  further  runs  must  be  made  until 
agreement  is  attained,  either  by  adjusting  the  temperature  of 
the  ionization  chamber  or  by  other  techniques  commonly 
used  by  the  laboratory.  In  any  case,  the  three  43/58  and 
43/29  ratios  must  agree  within  0.8  %  and  the  three  butane 
sensitivities  within  1  %.  The  two  hydrogen  sensitivities  must 
agree  within T. 5  %.  A  standard  gas  sample  can  also  be  used 
as  an  additional  check.  •  .  .  ....  .:  • 

10.2  Reference  Standards — Check  the  entire  range  with 
the  spectrometer  evacuated.  This  check  provides  a  blank  or 
background  spectrum.  If  the  approximate  composition  of  the 
mixture  is  not  known; 'make  a  preliminary  run  over  the 
entire  operating  mass  range.  If  the  composition  is  known,  the 
necessary  calibrating  gases  should  have  been  run  recently 
enough  before  the  mixture  to  preclude  pattern  changes.  The 
calibrating  gases  should  be  run  in  order  of  decreasing 
molecular  weight.  If  isomers  are  present,  do  not  run  them  in 
succession.  Introduce  the  calibrating  gases  through  the  inlet 
system  at  a  pressure  closely  approximating  that  used  for  the 
mixture  spectrum.  It  is  important  that  the  recordings  of  the 
mass  spectra  of  the  calibrants  and  the  gas  mixture  begin  at 
the  same  ion  accelerating  voltage,  the  same  magnetic  field, 
and  at  the  same  interval  after  opening  the  sample  volume  to 

’•  the  leak  manifold. , -.i. .*  .  .  .  •  .  .  .  •  .  " 

:  ..10.2.1  Run  the  hydrocarbon  calibration  gases  as  follows: 
introduce  sufficient  sample  into  the  evacuated  inlet  system  to 
give  30  to  60  mtorr  (4  to  6.7  Pa)  pressure  in  the  expansion 
reservoir. of  the  instrument  (Note  6).  Adjust  the  magnetic 
field  and  the  ion-accelerating  voltage  for  the  range  m/e  2  to  4 
on  the  collector.  .Open  the  valve  between  the  expansion 
reservoir  and  the  leak  manifold.  One  minute  later,  start  the 
recorder  and  sweep.  After  sweeping  over  the  above  range, 
stop  the  sweep  and  recorder  and  quickiy’adjust  the  magnetic 
field  and  ion-accelerating  voltage  for  the  range  m/e  12  to 
100.  Two  minutes  after  admission  of  sample  to  the  leak,  start 
the  recorder  and  sweep.1  After  sweeping  m/e  =>100t  pump 
out  the  reservoir: and  leak' manifold.  At  least  5  min  of 
;  pumping  time  should  be  allowed  between  each  run.  - : ' 
yrw-'.v-w  r.’iit'r.y  :  v-.  ,-:i ;  C: 

Note  6— Warning:  Samples  and  reference  mixtures  arc  extremely 
flammable.  Keep  away,  from  heat,  sparks,  and  open  flames.  Use  with 
adequate  ventilation,  see  Annex  A  1. 1  through  A 1. 5.  Cyhndcrs  shall  be 
supported  at  all  times.  Hydrocarbon  vapors  that  may  be  vented  shall  be 
"controlled  to  assure  compliance  with  applicable  safety  and  environ¬ 
mental  regulations.  •„  • 

.  i  ■. i  .  •*  •'  * 

l  10.3  Calibration  Data — After  the  peaks  of  the  calibration 
spectrogram  have  been  measured,  recorded,  and  corrected 
for  background,  transform  them  into  a  state  appropriate  for 
further  compulation.  Obtain  the  sensitivities  if  desired  by 
dividing  the  number  of  divisions  of  the  base  peak  by  the 
recorded  sample  pressure  in  the  expansion  reservoir  of  the 
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^  mass  spectrometer.  Repeat  the  procedure  for  each  calibrant. 


j  11.  Procedure  —  •- 

L.'  11.1  Introduce  the  sample  without  fractionation  (see  Sec- 

l  tion  9).  Obtain  the  mass  spectrum  of  the  mixture  under  the 
£  same  conditions  as  the  calibration  spectra  (see  Section  10). 
JL List  the  jpeak  heights  J)fjhe.  spectrum  .along  with_the 
|i-‘  appropriate  m/£  value.  .  ■ 

t*  ■'''  v'.'. ; ■  *  ft ;p  ’*■  ' «5-.: 


:  12.  Calculation . t."  f  i;’ 

, ' , '  \ —  xr  ‘  -  V1  —  3  ••  *  rr  ■  ’ 

12.1  Schemes  for  calculating  specific  mass  spectrometer 
'gas  analyses  are  shown  in  Table  1.  Each  results  in  a  report  of 
Analysis  on  the  samples  as  received  in  mole  (gas- volume) 
percent  unless  otherwise  noted.  These  schemes'  are  possible 
;  procedures  from  which  the  user  can  make  a  choice  on  the 
.  basis  of  his  particular  problem.  '  -vy  -is  -J  • 

~  The  calculation  basic  to  all  mass  spectrometnc  gas  analysis 
_  is  the  solution  of  simultaneous  equations.  These  are  con¬ 
structed  in  accordance  with  Eq  1:  ‘A  .  ’ 


_ Where  increased  precision  or  error  control  has  been  specified 

-  in  this  test  method,  more  complex' calculations  must  be 
r_~iised.9_Lrr§v.-~  “=r~“:r 

y  In  each  of  the  above  calculations/the  3y’s  must  be  divided 
•  by  the  sensitivity  for  j  to  get  partial  pressure.  Sensitivity 
•;  coefficients  may  be  used  instead  of  the  atj  in  which  case  this 
;  'step  is  not  applicable,  -  :-  -  -L-V TjjL'liJ j 

rvT" The  sum  of  the  partial  pressures  should  agree  within  1 .% 
^-4 with  the  pressure  measured  in  the  expansion  rescrvoir.of  the 
.'4-mass  spectrometer  unless  watcr-'vapor  is.  present -in,, the 
,  sample.  Divide  each  partial  pressure  by  the  total  calculated 
pressure  and  multiply  by  .100  to  obtain  mole  percentages..^ 


■;13.  Report 


-  •  .  -.  , -v.-v.  ,.  .-3«£OiiiK- 


egin  at  % 


me  to  vs 


m,  =  x  Xj  . . 


where: 


«J  m,  =  mixture  peak  height  at  the  rth  m/e  used,  ..  ‘ . 

4  atJ  =  pattern  coefficient  for  theyth  component  on  the  / th 

5  peak,  and 

r  Xj  =  corrected  base  peak  height  of  component;. 

|  These  equations  will  be  solved,  where  indicated  by  the 
I .  Unicomponent  Peak  Method: 

_ -  2&"'  XXkVOjj _ 1 _ (2) 

f  where  k  =  1  refers  to  the  heaviest  component.  . . 
Where  simultaneous  solution  is  indicated,  a  variety  of 
direct  arithmetic  procedures  may  be  used  interchangeably.8 


*  Crout,  P.  D.,  “A  Short  Method  for  Evaluat;.-.!;  Determinants  and  Solving 
Systems  of  Linear  Equations  with  Real  or  Complex  Coefficients,”  Marchant 
Calculating  Machine  Co..  Bulletins  MM-IS2  and  ISJ.  ASTBA,  September  1941. 
Dwyer,  P.  S..  Psyxhometna,  Vol  6,  1941.  p.  101.  H„  Am.  Math.  5.u, , 

Vol  14,  1943.  p.  I. 


:4r  13.1. .'Results  shall  be  reported  in  mole  (gas- volume)  per- 
•Y cent  correct  to  one  decimal  place.  Comments  shall  appear  on 
f  the  form  in  the  event  the  sample  is  not  reported  on  an  “a s' 

•  received”  basis.  In  any  event  the  serial  number  .of. the 
.  calculation  procedure  shall  appear  on  a  report  of  analysis,  st 

•  *  •  ruFz  7.*  rC*,.*?  P  £M  *  ^  •  iowi'  •wMb'r.v.o 

14.-  Precision  and  Bias  — 'T - ‘a&tasss 

~l7  14.1  The  precision  of  this  test  method  as  determined  by 
statistical  examination  of  intcrlaboratory  results  is  as  follows: 
1  14.1.1.  Repeatability — The  difference  between  two  test 
results,  obtained  by  the  same  operator  with  the  same' 
apparatus  under  constant  operating  conditions  on  identical 
.  test  material,  would  in  the  long  run,  in  the  normal  and 
correct  operation  of  the  test  method,  exceed  the  values 
shown  in  Tables  2  and  3  only  in  one  case  in  twenty.  ...  .... 

14.1.2  Reproducibility — The  .  difference  between  .  two 
single  and  independent  results  obtained  by  different  opera¬ 
tors  working  in  different  laboratories  on  identical  test  mate¬ 
rial  would,  in  the  long  run,  in  the  normal  and  correct 

-operation  of  the  test  method,  exceed  the  values  as  shown  in 
'■  Tables  2  and  3  only  in  one  case  in  twenty. - - 

’  Note  7 — The  precision  for  this  test  method  was  not  obtained  in 
accordance  with  RR.D02-I007. 

14.2  Bias — A  bias  statement  cannot  be  determined  be- 
‘  cause  there  is  no  acceptable  reference  material  suitable  for 

determining  the  bias  for  the  procedure  in  this  test  method. 


’  "Trunguhr  Inverse  Method,"  Analytical  Chemistry,  ANCHA,  Vol  30  1959 
p.  877. 
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A  Method  0  1137. 

*  Method  D  1302. 

c  The  mass  spectrometer  anafys*s  for  'Somcnc  butenes  >s  tar  less  accurate  man  Ice  tho  other  hydrocarbon  components.  The  v.accunjoej  nvuved  n  mo  rjomcdc 
butene  analysis  by  mass  spectrometer  range  from  i  0  to  a  0  mo to  a  Ccpendng  open  mo  concentration.  ranges,  end  extern  c(  Cnr.s  m  instrument  casor.iter.j,  These 
naccuraoes  wa  range  sU  higher  v»hcn  pentenes  aro  present  in  larger  man  0  5  x  concentrations.  Sco«rvai>TicarCftemrs?ry.  Vet  22. 1950.  p.  991.00.  Vw  21. 19*9.  p.  547. 
and  tod.  Vol  21.  1949.  p  572. 

0  in  Method  <.  butylenes  end  pentenes  spectra  aro  con- posies  based  cn  typcaJ  GLC  ana-yses.  Hexene  and  hexeno  spectra  ere  from  eppropnatefy  corrected  spectra 
cl  representative  tractions. 

r  Butenes  aro  grouped  it  they  aro  less  than  5  X. 

'  it  pentenes  exceed  l  X.  mey  ere  determined  by  other  means  end  mo  spectrum  removed  trem  mo  pety  spoctnxn. 

°  Chemcary  removed. 

"  Removed  trem  sampna  try  tPsUascn 

*  Resduals  Groups  A;  m/o  72.  S3. 57.  44.  a3.  Group  0  m/«  56.  42. 30. 29.  la  A3  Group  A  resdua!  shea  to  0  2  d-v-rson  or  less  «>th  mo  rcSdual  Cf  me  largest  peak 
iso  bong  less  man  0  3  X  ot  is  total  peak  height  AJ  Group  8  resduis  SVJ  bo  less  man  l  x  cl  mo  peax  height  cr  0.2  <Pv>s<on.  whenever  is  greater. 
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TABLE  D  Summary  of  Results  of  Sample’ Calculated  by 
Scheme  15 


Component 

Mo*e 

percent.. 

Average 

°rB 

Hydrogen 

20.6 

03 

22 

Methane 

34.1 

-•  0.4 

1.4  • 

Ethylene 

5.4 

0.1 

03 

£  cwie 

12.4 

0.1  - 

0.9 

Propylene 

7.9 

0.1 

0.6 

Prepare 

•  5.8 

03 

03 

Birtyienes 

2.6 

0.1 

03 

tSOPuti-VJ 

25 

0.1 

*  0.4 

Normal  butane 

1.2 

0.1 

03 

Penteoes 

0.4 

0.1 

0.1 

Isopentane 

as 

0.1 

03 

Normal  pentane 

0.1 

0.0 

03 

Ndrogen/cnroco  monoxide 

05 

0.1 

05 

Carson  dioxide 

03 

0.0 

03 

Hydrogen  sudide  .  •■* 

5.8 

0.1 

03 

Nunper  ot  laicrator-ies 

14 

6 

•  14  *  - 

Numsor  of  analyses 

23 

IS 

23 

A  c,  repeata&Sty  standard  deviation. 

•  <r„  rcprod'JodKy  standard  deviation. 


TABLE  3  Precision  of  Procedures  for  Mass  Spectrometer  Analysis 


Serial  No . 

1 

14 

Name . 

D  1 137  Natural  Gas-* 

- 

H.-C,  Cradrcd  Gas 

Component 

Repeatah2iy 

RcprodudSir/ 

Compodoon 

RepeataSaty 

Hyi-ocen 

... 

... 

12531 

0.14 

Methane 

03 

05 

16333 

030 

Ethylene 

.  ... 

... 

2-116 

* 

0.03 

Ethane 

0.1 

03 

- 

7357 

0.10 

Propene 

0.02 

0.04 

- 

-  7333 

0.16 

Propane 

0.02 

0.05 

’  ’ 

6.601 

0.12 

- 

Butene-l 

... 

... 

... 

... 

eutene-2 

'  . 

... 

5333 

0.19 

Isobutene 

... 

... 

... 

lsotx.sa.-ve 

... 

5523 

0.18 

* 

/i-8tdanc 

... 

, » 

1.434 

0.09 

* 

Penterves 

-  I.. 

.  .  . 

. 

1.015 

. 

0.10 

Isopentane 

_ 

...  *  '  ' 

1370 

0.11 

. 

n-Pentaoe  * 

•  •  ...  ■  * 

... 

f 

0.116 

• 

035 

Hexanes  ■.  . 

Carson  doxide 

.*  ...  *  V. 

0.02  •*  . 

-  l 

0.03 

0.123  . 

" 

.  0.02  . 

Nitrogen  • 

03. 

03 

l*. 

32.146 

053  . 

. 

Cycsopcntcne 

... 

... 

- 

0.C33 

0.01  •  • 

Degrees  ol  Freedom 

SO  Latjoraiones 

... 

... 

" 

.  ■>  . 

* 

■"Method  01137. 

....  V 
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(Mandatory  Information) 
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.  v  •  -•  -  T*  ’  •  A,  PRECAUTIONARY  STATEMENTS 

AI.I  Hydrogen 

Keep  away  from  heat,  sparks,  and  open  flame  and 


non-cxp!o$ion  proof  electrical  devices. 

Use  with  adequate  ventilation. 

Never  drop  cy  linder.  Make  sure  cylinder  is  supported  at  all 
times. 


Keep  cylinder  out  of  sun  and  away  from  heat. 

Always  use  a  pressure  regulator. 

Release  regulator  tension  before  opening  cylinder. 

Do  not  transfer  cylinder  contents  to  another  cylinder.  Do 
not  mix  gases  in  cylinder. 

Keep  cylinder  valve  closed  when  not  in  use. 


Do 

1  Do 

~  Sta: 

valve, 
f*  Kcc 

A1.2 

-  Kcc 
-?•-  non-e 
XL'  Use 
NC' 
•£■  times. 
Kec 
AIu 
K  before 
Do 
not  tr. 
%  -  Kct  i 

rv. 

~X\  Do 
assr-  Do 
Sta: 
HTvalve. 
M?  Ket 
SS=  Do 

m  do 

For 

. 

-r 

J0.  Kct 

5=ion-e 

M.  Ust 

Sir-  Ne- 
7C:-*r 
•-rm  times. 

m  Kct 

W  A,u 

Sr.bcforc 

fee-- 


>si«V 

ags* 

.TjrC,: 


■»v£-. 


sfl'XI. 


act  be  aw 
^SappHc 
^ihaxir 
itj-jlimilc 
5=comp 
•sjnatto; 
&trogcr 
=c'n:finc 
|j;Obtai: 
Mcocffi 
gi)!us  . 
fejbutcn 
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ft  or  IR 
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.  -wa: 

hi  :- 
■  " 
....irJS 

‘"■'•'V.’t  r-* 

v/*>lS»  >■* 

4  . 

>«»#  •* 
-•— -  «X 

••  -:.•»$  * 


Do  not  inhale. ,  •  '  ,.  ...  .1  ,  ~j 

Do  not  enter  storage  areas  unless  adequately  ventilated. 

. Stand away  from. cylinder  outlet  when  opening  cylinder 
valve., jin  .•»:  "  -V  "t  V  \?.TT.  :  j  "•>  t'.l i  -/  *  « 

Keep  cylinder  from  corrosive  environment . 


:v,:  a  <;-■ ..  .  ii  r...-nt . 

A1.2  Flammable  Gas  : . .  , 

■  Keep  away,  from  heat,  sparks, ; and  .open  !  flame,  and 
non-explosion  proof  electrical  devices.  %V;  jg>:  vm.tjL::*.*-:.' 
Use  with  adequate  ventilation.  l  /fui  In..! 

Never  drop  cylinder.  Make  sure  cylinder  is  supported  at  all . 

times _ rx,  — “  ‘.J;r.ea- 

Keep'cylinder  out  of  sun  and  away  from  heat.  "'- 
Always  use  a  pressure  regulator.  Release  regulator  tension  ’ 
before  opening  cylinder.  /;,‘T7T.V7T7 T. J"/; 

Do  not  transfercylinder  "contents  to  another  cylinder.  Do’, 
not  mix  gases  in  cylinder,  e  ..’t  -v-*  .*  v  r, 

Keep  cylinder  valve  closed  when  not  in  use.  ’  ‘  .7 

Do  not  inhale.  .7.".'  “■‘r.7  7‘?  r  ‘ ' 

'  Do  not  enter  storage  areas  unless  adequately  ventilated. 

■  Stand  away  from  cylinder  outlet  when  opening  cylinder 

valve.  :  ■  .  .  .  ■  :  ■  *  .  •  •  • 

Keep  cylinder  from  corrosive  environment. 

Do  not  use  cylinder  without  label. 

Do  not  use  dented  or  damaged  cylinder.  .  .  • 

For  technical  use  only.  Do  not  inhale. 

A1.3  Flammable  Liquefied  Gas 

Keep  away  from  heat,  sparks,  and  open  flame  and 
non-explosion  proof  electrical  devices. 

Use  with  adequate  ventilation. 

Never  drop  cylinder.  Make  sure  cylinder  is  supported  at  all 
times. 

Keep  cylinder  out  of  sun  and  away  from  heat. 

Always  use  a  pressure  regulator.  Release  regulator  tension 
before  opening  cylinder. 
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.  .  *  ’  •*  .  -  *•  »* 

*  .  *  -  *  V.* 

J  ^  _,Do  not  transfer  cylinder  contents  to  another  cylinder.  Do 

i  not  mix  gases  in  cylinder.  . ....  _ r.m.q-  ki;;: 

•  f-; Keep  cylinder  valve  closed  when  not  in  use.  ,.7;rL;£-l>'  ' 
1  Do  not  inhale... .,.  rjy  •-» j  ?v. 

.  7  Do  not  enter  storage  areas  unless  adequately  ventilated. 

1..  "Stand  away  from  cylinder  .  when  opening  cylinder 
■  valve/ . . . _  .......  t  .........  .  ..  ,i 

'-*1  .  J  ,v,  1  r 

1  .  .Keep  cylinder  from  corrosive  environment.  ,7 
-i‘._  '/>  Do'no'l.usc’cylinder  without  label,  "r./ 

TILL/  Do  not  use  dented  or  damaged  cy  1  i  n  d  cr.  i '  •?  ;r„  cr.  -  '±7  - 

l . For  technical  tise  only.  Do  not  inhale.  "  ' 

Al.4  ’Flammable  Liquid  (general)  ■  "7-'-' 

1  "'-'/Keep  away  from  heat,  sparks  and  open  flame.  7  'LL"..7v".i,'. 
.'T./L' Keep  container  closed.  •  z 


T./L‘ Keep  container  closed.  •  z 

Use  only  with  adequate  ventilation.  ,;.v-v i«\ L. , ' ./’j-/- 
«« “‘’Avoid  prolonged  breathing  of  vapor  or  spray  mist. ’/V. " 
7':.' /.'Avoid  prolonged  or.  repeated  contact  with  skin.  V/  . 

.  A1 .5  Pressurized  Gas  (general)  •'* ‘,7?/  " ■ 

.  i.. ■  ■  t  :  ,•  ,  .  -  '>±“-  "'ut'iUT  “>  3.v“:;. .  ;:a 

.  Keep  container  closed.  ,  .  1..  t .. .  ... 

.Use  with  adequate  ventilation.  . .  . ” .  . .  •.  ’  .’.  .. 

.  Do  not  enter  storage  area  unless  adequately  ventilated. 
Always  use  a  pressure  regulator.  Release  regulator  tension  • 

before  opening  cylinder.  .  .  . ’. 

.Do  not  transfer  cylinder  contents  to  another  cylinder.  Do 
■_  not  mix.  gases  in  cylinder.  .  . 

•*  -  Do  not  drop  cylinder.  Make  sure  cylinder  is  supported  at 
all  times. 

Stay  away  from  cylinder  outlet  when  opening  cylinder 
valve.  .  ., 

Keep  cylinder  out  of  sun  and  away  from  heat. 

Keep  cylinder  from  corrosive  environment.  .  . 

Do  not  use  cylinder  without  label. 

Do  not  use  dented  01  damaged  cylinder. 

For  technical  use  only.  Do  not  use  for  inhalation  purposes. 


APPENDIX 


(Nonmandatory  Information) 


XI.  REFERENCE  STANDARDS  FOR  PROCEDURES  14  AND  15 


XL*  lutenes — Butene- 1,  butcne-2,  and  isobutene  may 
be  averaged  V),  '/j,  '/>.  However,  when  a  straight  average  is 
applied,  limit  the  butenes  total  to  10  to  15  mole  To  to  hold 
maximum  error  of  lighter  components  to  ±0.5  mole  To  and 
limited  to  5  mole  To  to  keep  maximum  error  of  lighter 
components  to  ±0.1  mole  %.  For  a  more  accurate  determi¬ 
nation  of  lighter  components,  for  example,  ethylene,  ni¬ 
trogen,  propylene,  and  propane — gases  from  representative 
refinery  streams,  arc  to  be  run  by  a  GLC  or  1R  method  to 
obtain  ratios  of  the  butenes  present.  Weighted  sensitivity 
coefficients  allow  accurate  analyses  for  lighter  components 
plus  accurate  total  butene  content  through  a  0  to  100  To 
butene  range.  The  continued  accuracy  obtained  depends 
upon  the  stability  of  the  refinery  operation  units,  therefore, 
checks  from  time  to  time  by  an  independent  method  (GLC 
or  1R)  enable  mass  spectromctnc  data  processing  groups  to 


know  the  margins  of  error  or  to  obtain  new  weighted 
sensitivity  coefficients  to  maintain  low  deviations. 

X  1.2  P cntcncs — Utilize  weighted  sensitivity  coefficients  at 
all  times  when  pcntcncs  content  is  likely  to  be  above  1 
mole  To,  due  primarily  to  error  caused  in  propane  and 
propylene  analysis. 

XI. 2. 1  Gases  from  representative  refinery  streams  can  be 
run  by  a  GLC  method  to  obtain  pentcnc  ratios  which  then 
can  be  used  to  calculate  weighted  sensitivity  coefficients. 
Alternatively,  a  C}  cut  could  be  obtained  from  a  low- 
temperature  fractional  distillation  of  a  sample  of  the  type  to 
be  analyzed.  The  mass  spectrum  of  this  cut  is  recorded  and 
the  contributions  of  the  normal  and  isopentane  and  normal 
butane  present  removed  from  the  spectrum.  The  residual 
spectrum  is  typical  of  the  pentenes  present  in  samples  of  this 
type. 
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X  1.2.2  Obtain  checks  from  time  to  time  on  the  pentcne 

ratios  to  maintain  low  deviation.  - 

X1.3  Hexenes — Obtain  'weighted  sensitivity  coefficients 
as  explained  in  X1.2  for  pentenes.  However,  a  C6  fraction 
from  low-tempcraturc  distillation  will  be  difficult  to  correct 
for  pentenes  present  and  if  this  approach  is  utilized  it  is 
suggested  that  a  total  C6’s  residual  spectrum  be  calculated 
rather  than  attempting  to  correct  out  the  C6  saturates.  If  a  C6 
fraction  is  used,  regard  samples  with  more  than  1  mole  %  of 


C6  s  as  inaccurate  due  to  errors  possible  in  incorrectly 
-  removing  C6  contributions  to  lighter  components. 

X 1 .3.1  If  weighted  sensitivities  are  employed,  icgard  sam¬ 
ples  with  over  2  mole  %  of  C6  as  inaccurate  due  to  probable 
variations  in  refinery  units  operation,  since  most  operation 
units  try  to  keep  C6’s  to  a  minimum  in  gas  streams. 

X1.4  Hexanes — Obtain  weighted  sensitivity  coefficients 
as  described  in  XI. 3.  The  amount  of  hexanes  present  in  a  gas 
sample  are  not  to  exceed  1  mole  %,  otherwise  regard  the 
analysis  as  inaccurate  as  described  in  XI. 3. 


The  American  Society  tor  Testing  and  Materials  takes  no  position  respecting  the  validity  ol  any  patent  rights  asserted  in  connection 
with  any  item  mentioned  in  this  standard.  Users  ot  this  standard  are  expressly  advised  that  determination  ot  the  validity  ol  any  such 
patent  rights ,  and  the  risk  ol  infringement  ol  such  rights,  are  entirely  their  own  responsibility. 

This  standard  is  subject  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  bo  reviewed  every  Uvo  years  and 
H  not  revised,  either  roapptoved  or  withdrawn.  Your  comments  are  invited  either  lor  revision  ol  this  standard  or  lor  additional  standards 
and  should  be  addressed  to  ASTM  Haadquaners.  Your  comments  will  recervo  carolul  consideration  at  a  meeting  ol  the  responsible 
technical  committee,  which  you  may  attend.  II  you  leel  that  your  comments  havo  not  received  a  lair  hearing  you  should  make  your 
views  known  to  the  ASTM  Committee  on  Standa’ds.  1916  Race  St.,  Philadelphia,  PA  19103. 
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ASTM  E  537-86 

Standard  Test  Method  for  Assessing  the  Thermal  Stability 
of  Chemicals  by  Methods  of  Differential  Thermal  Analysis 


Designation:  E  537  -  86 


Standard  Test  Method  for 

Assessing  The  Thermal  Stability  Of  Chemicals  By  Methods  Of 
Differential  Thermal  Analysis1 

This  standard  is  issued  under  the  fixed  designation  E  537;  the  number  immediately  following  the  designation  indicates  the  year  of 
original  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  reapproval.  A 
superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapprosal. 

INTRODUCTION 

Committee  E-27  is  currently  engaged  in  developing  methods  to  determine  the  hazard  potential 
of  chemicals.  An  estimate  of  this  potential  may  usually  be  obtained  by  using  program  CHETAH 
(ASTAf  DS  51)  to  compute  the  maximum  energy  of  reaction  of  the  chemical  or  mixture  of 
chemicals.2 

The  expression  “hazard  potential”  as  used  by  this  committee  is  defined  as  the  degree  of 
susceptibility  of  material  to  ignition  or  release  of  energy  under  varying  environmental  conditions. 

The  primary  purpose  of  this  test  method  is  to  detect  enthalpic  changes  and  to  approximate  the 
temperature  of  initiation  of  these  events.  Thermal  analysis  techniques  including  dilTcrential 
thermal  analysis  (DTA)  and  differential  scanning  calorimetry  (DSC)  offer  the  advantage  of  using 
very  small  samples  on  the  order  of  a  few  milligrams.  Revision  of  this  test  method  has  been 
undertaken  to  extend  the  assessment  of  thermal  stability  of  chemicals  through  use  of  atmospheres 
at  elevated  pressure. 


1.  Scope 

1.1  This  test  method  covers  the  ascertainment  of  the 
presence  of  enthalpic  changes,  using  a  minimum  quantity  of 
sample,  normally  in  the  milligram  range,  and  approximates 
the  temperature  at  which  these  enthalpic  changes  occur. 

1.2  This  test  method  utilizes  techniques  of  differential 
thermal  analysis  (DTA)  and  differential  scanning 
calorimeiT  (DSC);  it  may  be  performed  on  solids,  liquids,  or 
slurries. 

1.3  This  test  method  may  be  carried  out  in  an  inert  or  a 
reactive  atmosphere  with  an  absolute  pressure  range  from 
100  Pa  through  7  MPa  and  over  a  temperature  range  from 
-150'C  to  above  lOOfTC. 

1.4  This  standard  may  involve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safety  problems  associated  with  its  use.  It  is 
the  responsibility  of  the  user  of  this  standard  to  establish 
appropriate  safety  and  health  practices  and  determine  the 
applicability  of  regulatory  limitations  prior  to  use.  Specific 
safety  precautions  are  given  in  Section  8. 

2.  Referenced  Documents 

2.1  ASTAf  Standards: 

E  472  Practice  for  Reporting  Thcrmoanalylical  Data3 


'This  icst  method  is  under  the  jurisdiction  of  ASTM  Committee  E-27  on 
Hujtd  Potential  of  Chemicals  Jnd  is  the  direct  responsibility  of  Subcommittee 
£37  02  on  Thermjl  Stability. 

C.rtent  edition  approved  July  35.  1936  Published  September  1986  Originally 
p.Uished  as  E  537  -  76  Ust  previous  edition  E  537  -  84 

'A  complete  assessment  of  the  hazard  potto"  I  of  chemicals  must  tale  into 
vtount  a  number  of  realistic  factors  not  considered  in  this  test  method  or  the 
CricTAII  program. 

’.leeaj/  flooA'  o/AST.U  Sw.JjrJt.  Vol  14  03. 


E  473  Definitions  of  Terms  Relating  to  Thermal 
Analysis3 

E  967  Practice  for  Temperature  Calibration  of  Differential 
Scanning  Calorimeters  and  Differential  Thermal 
Analyzers3 

3.  Terminology 

3.1  Definitions: 

3.1.1  differential  thermal  analysis  (DTA) — a  technique  in 
which  the  temperature  difference  between  the  substance  and 
a  reference  material  is  measured  as  a  function  of  temperature 
while  the  substance  and  reference  material  are  subjected  to  a 
controlled  temperature  program  (1TCA,  1980)  (see  Defini¬ 
tions  E  473). 

3.1.2  differential  scanning  calorimetry  (DSC)— a  tech¬ 
nique  in  whicn  the  difference  in  energy  inputs  into  a 
substance  and  a  reference  material  is  measured  as  a  function 
of  temperature  while  the  substance  and  reference  material 
arc  subjected  to  a  controlled  temperature  program  (1TCA, 
1980)  (see  Definitions  E  473). 

3.2  Descriptions  of  Terms  Specific  to  This  Standard: 

3.2.1  DTA  (DSC)  curve— a  record  of  a  thermal  analysis 
where  the  temperature  difference  (AT)  or  the  energy  change 
(Aq)  is  plotted  on  the  ordinate  and  temperature  or  time  is 
plotted  on  the  abscissa  (see  Tigs.  1  and  2  and  Definitions 
E  473). 

3.2.2  peak — that  portion  of  a  heating  curve  which  is 
attributable  to  the  occurrence  of  a  single  process.  It  is 
normally  characterized  by  a  deviation  front  the  established 
baseline,  a  maximum  deflection,  and  a  reestablishment  of  a 
baseline  not  necessarily  identical  to  that  before  the  peak  (see 
Fig.  1). 

Note  1 — There  will  be  instances  when  upon  scanning  in  lerrpcra- 
lure  an  enJoihcrm  will  t<  ubvened  itui  is  immediately  followed  by  or  is 
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FIG.  1  Typical  DTA— DSC  Curve  with  Exotherm 


in  conjunction  with  an  exotherm  as  shown  in  Fig.  2.  This  tyre  of 
competing  reactions  makes  it  difficult  and  at  times  impossible  to  locate 
the  true  peak  and  onset  temperatures. 

3.2.3  peak  leniperaiure— the  temperature  corresponding 
to  the  maximum  deflection  of  the  DTA  or  DSC  curve. 

3.2.4  onset  temperature — the  temperature  at  which  a 
deflection  from  the  established  baseline  is  first  observed. 

3.2.5  extrapolated  onset  temperature — empirically,  the 
temperature  found  by  extrapolating  the  baseline  (prior  to  the 
peak)  and  the  leading  side  of  the  peak  to  their  intersection 
(sec  Fig.  1). 

3.2.6  reaction— my  transformation  of  matenal  accompa¬ 
nied  by  a  change  of  enthalpy  which  may  be  endothermic  or 
exothermic. 

3.2.7  thermal  stability— the  absence  of  a  reaction  (for  the 
purposes  of  this  test  method  only,  see  3.2.6). 

4.  Summary  of  Method 

4.1  In  DTA,  thermocouples  for  both  the  sample  and 
reference  material  are  connected  in  series-opposition  so  as  to 
measure  a  temperature  difference  (A7).  An  additional  ther¬ 
mocouple  is  provided  to  measure  the  absolute  temperature 
(7)  of  the  sample  or  reference. 

4.2  In  DSC,  a  measurement  is  made  of  the  energy  change 
(A q)  associated  with  the  observed  change  of  enthalpy. 
Provisions  are  made  to  measure  the  absolute  temperature  ( 7) 
of  the  sample  or  reference  or  the  average  temperature  of 
both. 

4.3  A  sample  of  the  material  to  be  examined  and  of  a 
thermally  inert  reference  matenal  arc  placed  in  separate 
holders. 

4.4  The  sample  and  reference  materials  arc  simulta¬ 
neously  heated  at  a  controlled  rate  of  up  to  30*C/min  under 
an  equilibrated  atmosphere.  A  record  of  A7'or  Iq  is  made  as 
a  function  of  temperature  (T)  Alternatively,  the  temperature 
of  the  sample  and  reference  mav  he  increased  to  a  fixed  and 
predetermined  value  and  a  record  of  A 7"  or  Ar/  made  as  a 
function  of  time  ( t ). 

4  5  When  the  sample  undergoes  a  transition  involving  a 
change  of  enthalpy ,  that  change  is  indicated  by  a  departure 


FIG.  2  Thermogram  Illustrating  n  Melting  Process  Immediately 
Followed  by  an  Exothermic  Decomposition 

from  the  initially  established  baseline  of  the  temperature 
record. 


5.  Significance  and  Use 

5.1  This  test  method  is  useful  in  detecting  potentially 
hazardous  reactions  including  those  from  volatile  chemicals 
and  in  estimating  the  temperatures  at  which  these  reactions 
occur  This  test  method  is’rccommended  as  an  early  test  for 
detecting  the  reactive  hazards  of  an  uncharacterized  chem¬ 
ical  substance  or  mixture  (note  Section  8). 

5.2  The  magnitude  of  change  of  enthalpy  may  not  neces¬ 
sarily  denote  the  relative  hazard.  For  example,  certain 
exothermic  reactions  arc  often  accompanied  by  gas  evolution 
which  increases  the  potential  hazard.  Alternatively,  the 
extent  of  energy  release  for  certain  exothermic  reactions  may 
differ  widely  with  the  extent  of  confinement  of  volatile 
products.  Thus,  the  presence  of  an  exotherm  or  of  an 
endotherm  and  its  approximate  temperature  arc  the  most 
significant  criteria  in  this  test  method  (sec  Section  3  and  Fie 

I). 

5.3  When  volatile  substances  are  being  studied,  it  is 
important  to  perform  this  test  with  a  confining  pressurized 
atmosphere  so  thattvvehanges  of  enthalpy  which  can  occur 
above  normal  boiling  or  sublimation  points  may  be  detected. 
As  an  example,  an  absolute  pressure  of  1.14  MPa  (150  psig) 
will  generally  elevate  the  boiling  point  of  a  volatile  organic 
substance  100’C.  Under  these  conditions  exothermic  decom¬ 
position  is  often  observed. 

5.4  For  some  substances  the  rate  of  enthalpy  change 
during  an  exothermic  reaction  may  be  small  at  normal 
atmospheric  pressure,  making  an  assessment  of  the  temper¬ 
ature  of  instability  difficult.  Generally  a  repeated  analysis  at 
an  elevated  pressure  will  improve  the  assessment  by  in¬ 
creasing  the  rate  of  change  of  enthalpy. 

5.5  Although  certain  types  of  thermal  analysis  instrumen¬ 
tation  oficr  the  additional  advantage  of  measuring  the 
magnitude  of  the  change  in  enthalpy,  such  measurements  arc 
beyond  the  scope  of  this  test  method.  The  three  significant 
criteria  of  this  test  method  arc.  the  detection  of  a  change  of 
enthalpy;  the  approximate  temperature  at  which  the  event 
occurs,  and  the  observance  of  effects  due  to  the  cell  atmos¬ 
phere  and  pressure. 
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6.  Limitations 

6.1  A  host  of  environmental  factors  affect  the  existence, 
magnitude,  and  temperature  of  an  exothermic  reaction. 
Some,  including  heating  rate,  instrument  sensitivity,  degree 
of  confinement,  and  atmosphere  reactivity  will  affect  the 
detectability  of  an  exothermic  reaction  using  this  procedure. 
Therefore,  it  is  imperative  that  the  qualitative  results  ob¬ 
tained  from  the  application  of  this  test  method  be  viewed 
only  as  an  indication  of  the  thermal  stability  of  a  chemical. 

7.  Apparatus 

7.1  The  equipment  used  in  this  test  method  shall  be 
capable  of  displaying  changes  of  enthalpy  as  a  function  of 
either  time  (r)  or  temperature  (T),  and  shall  have  the 
capability  of  subjecting  the  sample  cell  to  different  atmo¬ 
spheres  of  equilibrated  pressures. 

7.2  The  differential  thermal  analytical  instrument  (DTA 
or  DSC)  may  be -purchased  or  custom  built  to  various 
degrees  of  refinement  and  sophistication.  The  basic  compo¬ 
nents  of  an  apparatus  satisfactory  for  this  test  method 
include: 

7.2.1  Sample  containers, 

7.2.2  Measuring  cell  capable  of  containing  a  pressure  of  7 
MPa, 

7.2.3  Heating  unit, 

7.2.4  Programmable  temperature  controller, 

7.2.5  Continuous  temperature  measuring  and  recording 
equipment,  and 

7.2.6  Stable,  adjustable  pressure  supply. 

7.3  Analysis  may  be  initiated  at  a  temperature  below 
ambient  by  providing  a  means  of  cooling  the  sample  and 
reference,  their  respective  containers,  and  the  heating  unit  to 
the  same  initial  temperature. 

8.  Safety  Precautions 

8.1  The  use  of  this  test  method  as  an  initial  test  for 
material  whose  potential  hazards  arc  unknown  requires  that 
precautions  be  taken  during  the  sample  preparation  and 
testing. 

8.2  Where  particle  size  reduction  by  grinding  is  necessary, 
the  user  of  the  test  method  should  presume  that  the  material 
is  dangerous. 

8.3  The  use  of  this  test  method  may  require  operation  at 
elevated  temperatures  and  pressures.  All  precautions  associ¬ 
ated  with  such  temperatures  and  pressures  should  be  ob¬ 
served. 

9.  Calibration 

9.1  For  purposes  of  this  test  method,  calibrate  the  the 
absolute  temperature  scale  within  ±2*C  in  accordance  with 
Practice  E  967. 

10.  Sample  and  Reference  Materials 

10. 1  The  selection  of  an  adequate  sample  size  will  depend 
upon  the  availability  of  the  material,  the  degree  of  dilution 
required,  the  sensitivity  of  the  instrument,  the  magnitude  of 
the  change  of  enthalpy,  and  the  heating  rate.  Additionally, 
sample  size  must  be  compatible  with  the  potential  for  a 
sudden  large  energy  release.  This  test  method  should,  there¬ 
fore,  be  carried  out  on  as  small  a  quantity  of  material  as 
possible,  t>  pically  1  to  50  mg. 


10.2  Samples  should  be  representative  of  the  material 
being  studied  including  panicle  size  and  purity. 

10.3  The  reference  material  must  not  undergo  any 
thermal  transformation  over  the  temperature  range  under 
study.  Typical  reference  materials  include  calcined  alu¬ 
minum  oxide,  glass  beads,  silicone  oil,  or  an  empty  con¬ 
tainer. 

10  4  Samples  shall  be  prepared  to  achieve  good  thermal 
contact  between  them  and  their  containers.  For  liquid 
samples  it  is  recommended  that  approximately  20  %  by 
weight  of  an  inert  material  like  aluminum  oxide  be  added  to 
the  sample. 

11.  Recommended  Conditions  of  Tests 

11.1  Sample  Sici — A  5-mg  sample  is  generally  considered 
adequate.  Decrease  the  sample  size  if  the  response  is  too 
energetic. 

1 1.2  Healing  Rate — A  rate  of  10  to  30*C/min  is  consid¬ 
ered  normal.  If  an  endothermic  response  is  immediately 
followed  by  an  exotherm  (Note  1,  Fig.  2),  then  lower  heating 
rates  of  2  to  10’C/min  are  recommended. 

11.3  Temperature  Range — The  temperature  shall  range 
from  room  temperature  to  500'C. 

11.4  Pressure  Range — An  equilibrated  absolute  pressure 
of  1.14  MPa  (150  psig)  is  adequate  for  most  elevated  pressure 
tests. 

11.5  Y-Axis  Scnsitisity — The  equivalence  of  1m  W/crn  is 
usually  sufficient  to  record  the  entire  exotherm.  Decreases  in 
T*axis  sensitivity  may  be  necessary  if  the  reaction  is  too 
energetic. 

12.  Procedure 

12.1  Prepare  a  sample  of  the  material  to  be  examined  and 
of  the  reference  material  in  respective  containers  and  place 
into  the  measuring  cell.  Be  certain  intimate  thermal  contact 
with  the  sensors  is  achieved.  (Sec  10. 1  for  appropriate  sample 
size.) 

Note  2— For  volatile  materials  it  is  ofien  of  interest  to  examine 
thermal  stability  at  temperatures  beyond  the  normal  boiling  or  sublima¬ 
tion  point.  Additionally,  samples  suspect  of  being  potentially  energetic 
may  exhibit  nondescript  exothermic  activity  at  ambient  pressure  In' 
culler  situation  a  repeat  analysis  in  an  atmosphere  of  elevated  pressure 
using  cilher  sealed  sample  containers  or  a  pressurized  measuring  cell  is 
recommended. 

12  2  For  equipment  that  includes  a  prcssunzable  mea¬ 
suring  cell,  seal  and  adjust  the  measuring  cell  atmosphere  to 
the  desired  equilibrium  pressure.  An  absolute  pressure  of 
1.14  MPa  is  recommended  for  an  elevated  pressure  thermal 
analysis  of  organic  substances  using  this  test  method. 

Note  3— When  sealed  containers  arc  used,  they  should  bo  provided 
with  a  vent  (pinhole)  to  ensure  that  the  internal  pressure  is  in 
equilibrium  with  the  applied  pressure. 

12.3  For  equipment  that  cannot  maintain  an  elevated 
pressure  within  its  measuring  cell,  place  the  sample  and 
relcrence  materials  in  hermetically  sealed  contameis  with  an 
appropriate  atmosphere. 

Non'  4 — Hermetically  sealed  containers  will  self  pressunze  due  to 
increased  partial  pressures  with  increasing  temperature.  For  most 
samples,  however,  this  mternjl  pressure  will  not  be  hnown  but  is 
typicjlly  less  than  3u0  U’a  I  Ins  approach  is.  therefore,  a  less  satisfactory 
alternative  for  elevated  pressure  thermal  analysis  than  a  pressurized  cell. 
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12.4  Heat  the  measuring  cell  at  a  controlled  rate  of  up  co 
30*C/min  and  record  the  DTA  or  DSC  curve.  Continue 
heating  until  the  highest  temperature  of  interest  is  recorded 
or  until  the  sample  is  destroyed  or  is  lost  by  volatilization. 
For  most  organic  compounds  the  normal  temperature  range 
is  from  20  to  500*C. 

Note  5— Any  increase  in  heating  rate  may  accentuate  the  recorder 
response  for  the  ordinate  but  will  also  increase  the  measured  onset 
temperature  of  an  exothermic  reaction. 

12.5  Restore  the  measuring  cell  to  ambient  temperature 
and  pressure  upon  completion  of  the  analysis. 

12.6  It  may  be  informative  to  repeat  the  analysis  at  a 
slower  heating  rate  (2*C/min  to  10*C/min)  when  a  complex 
change  of  enthalpy  is  encountered  (sec  Fig.  2  and  Note  1). 

13.  Report 

13.1  Reporting  of  thermal  data  generated  with  this  test 
method  should  comply  with  that  outlined  in  Practice  E  472 
including  a  complete  description  of: 

13.1.1  Sample  and  reference  by  name,  composition,  com¬ 
bination  thereof,  or  formula,  oc 


13.1.2  Apparatus  and  sample  containers, 

13.1.3  Composition  and  pressure  of  the  sample  atmos¬ 
phere, 

13.1.4  Heating  rate  and  temperature  range,  and 

13.1.5  F-axis  sensitivity. 

13.2  Determine  the  onset,  extrapolated  onset,  and  peak 
temperatures  of  all  reactions  recorded  from  the  DTA  (DSC) 
curve. 

13.3  When  a  thermal  analysis  is  repeated  using  a  different 
atmospheric  composition  or  pressure  or  a  different  heating 
rate,  note  any  significant  changes  in  the  DTA  (DSC)  curves 
resulting  from  the  different  experimental  conditions.  The 
magnitude  of  the  recorded  change  of  enthalpy,  if  measurable, 
may  be  significant  but  is  beyond  the  scope  of  this  test 
method. 

14.  Precision  and  Bias 

14.1  The  object  of  this  test  method  is  to  ascertain  the 
presence  or  absence  of  an  exotherm  and  the  approximate 
temperature  of  onset.  Neither  the  magnitude  of  the  exotherm 
nor  the  absolute  value  of  the  onset  temperature  arc  critical  to 
the  test  method. 


7/18  American  Society  lor  Testing  end  Materials  takos  no  position  respecting  the  validity  ot  any  patent  rights  assorted  In  connection 
with  any  item  mentioned  in  this  standa'd.  Users  ol  this  standard  ore  oxpressly  advised  that  determination  ol  the  validity  ol  any  such 
patent  rights,  and  the  risk  ot  Intrlngcment  ol  such  rights,  are  entirely  their  own  responsibility. 

This  standard  is  subject  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  bo  reviewed  every  live  yoars  and 
II  not  revised,  either  reapproved  or  withdrawn.  Your  comments  are  Invited  either  lor  revision  ol  this  standard  or  lor  additional  standards 
•.  end  should  be  addressed  to  ASTM  lleadauartcrs.  Your  comments  will  roccrvo  careful  consideration  at  a  meeting  ol  tho  rosponsiblo 
technical  committee,  which  you  may  attend.  II  you  Icel  that  your  comments  have  not  received  a  lair  hearing  you  should  make  your 
views  known  to  the  ASTM  Committee  on  Standards.  1916  Paco  St..  Philadelphia.  PA  19103. 
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